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Abstract of JP1 0224751 

PROBLEM TO BE SOLVED: To obtain a digital 
television(TV) data transporting syntax for storing 
user information at a vertical blanking interval 
(VBI) by preparing a process or the like for 
adding a count value indicating the quantity of 
user information to a user data syntax. 
SOLUTION: Ray digital video data inputted from 
a terminal 10 to a serial receiver 12 are 
converted into continued data by a parallel 
format. These data are buffered in a butter 14. A 
video passer 16 judges the syntax of continuous 
data and removes information for identifying raw 
luminance and color luminance instensity data. 
The luminance and color luminance intensity data 
are inputted to a demultiplexer 18 and divided 
into a data part corresponding to the VBI of 
continuous video frames and the active video 
part of these frames. The demultiplexer 18 
determines also whether entered data stream 
synchronization is lost or not, and when it is lost, 
outputs a synchronization loss signal to a video 
compressing processor 22 for receiving also 
active video data to be compressed. 
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[ ^ n is w m m ] 

1. Title of Invention 

COMMUNICATION OF VBr DATA IN DIGITAL TELEVISION DATA 
STREAMS 



2. Claims 



1. A method for comtnunicat ing , in a digital 
television data stream, information of a type 
conventionally carried as NRS data in a. vertical 
blanking interval <VBI) waveform of an analcg 
television signal, s^id dicical television data 
stream transporting data according to a convention 
chat includes a user data syntax, said methcd 
comprising the steps of : 

supplementing said user data syntax with a 
line indicator val\:s specifying horizontal 
television line (a) relative to a base VBI frame line 
in which user information is carried as NRZ data in. 
a counterpart television signal; 

supplementing said user data syntax with 
at least one timing reference value that defines a 
relationship between a symbol rate of said NRZ data 
and a reference clock of said digital television 

data stream; 

supplementing said user data syntax with 
at least one count value indicating an amount of 
user information carried in the digital television 
data stream; and 

supplementing said user data syntax with 
at least one user information field sufficient to 
carry the amount of user information indicated by 
said at least one count value. 
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2 - A method in accordance with claim 1 
comprising the further step of: 

supplementing said user data syntax with a 
start sample value indicative of a sample point at 
which a transition into a first luma NRZ symbol is 
to commence in a counterpart television signal 
reconstructed from said digital television data 
stream. 

3 . A method in accordance with claim 1 or 2 
comprising the further step of: 

supplementing said user data syntax with a 
first amplitude value indicative of an amplitude at 
which luma NRZ symbols are to appear in said 
counterpart television signal reconstructed from 
said digital television data stream, 

4 . A method in accordance with one of the 
preceding claims comprising the further step of : 

supplementing said user data syntax with a 
pulse shape value indicative of a pulse shape that 
is to be provided for said luma NRZ symbols in said 
counterpart television signal reconstructed from 
said digital television data stream. 

5 . A method in accordance with one of the 
preceding claims comprising the further step of: 

supplementing said user data syntax with a 
field number indicative of a television field in 
which corresponding VBI data is to be inserted in 
said counterpart television signal reconstructed 
from said digital television data stream. 
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6. A method in accordance with one of the 
preceding claims wherein said user data syntax is 
capable of delivering a plurality of luma NRZ 
constructs, each carrying associated user 
information, comprising the further step of: 

supplementing said user data syntax with a 
luma NRZ count value indicative of the number of 
said luma NRZ constructs following the luma NRZ 
count value, 

7 . A method in accordance with one of the 
preceding claims comprising the further step of: 

supplementing said user data syntax with a 
data type field specifying that luma NRZ data 
follows. 

8. A method in accordance with one of claims 
3 to 7 comprising the further step of: 

supplementing said user data syntax with a 
second amplitude value indicative of a second 
amplitude level of said luma NRZ symbols. 

9. A method in accordance with one of claims 
6 to 8 comprising the further step of: 

supplementing said user data syntax with a 
priority value designating a priority of said luma 
NRZ constructs for use in reconstructing said 
counterpart television signal from said digital 
television data stream. 

10. A method in accordance with one of the 
preceding claims wherein said timing reference value 
comprises a luma NRZ symbol clock increment value 
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and a luma NRZ modulus value, said symbol clock 
increment and modulus values being related to said 
NRZ symbol rate and said, reference clock as follows: 
increment value symbol rate 



modulus value reference clock 

11. A method in accordance with one of the 
preceding claims wherein said count value comprises 
a word count indicating an integer number of luma 
NRZ words that follow and a remainder count 
indicating a number of luma NRZ bits totaling less 
than a full luma NRZ word that follow; 

said syntax - thereby providing an efficient 
use of bandwidth by enabling remainders of less than 
a full NRZ word to be communicated. 

12 . A method in accordance with claim 11 
wherein said luma NRZ words are each 2 2 bits in 
length, said method comprising the further step of: 

inserting a marker bit after each luma NRZ 
word to guard against a false MPEG start code. 

13 . A method in accordance with one of the 
preceding claims wherein: 

said user information is carried according 
to said user data syntax as luma NRZ words and luma 
NRZ bits; 

each luma NRZ word comprises a string of 
luma NRZ symbols with the first bit corresponding to 
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a first luma NRZ symbol to be reconstructed on a 
video line as displayed from left to right; and 

each luma NRZ bit represents a luma NRZ 
symbol to be reconstructed on said video line; 

said luma NRZ bits being provided in the 
order in which their symbols are to be reconstructed 
on said video line subsequent to symbols 
reconstructed from any luma NRZ words, as displayed 
from left to right. 

14 . A method in accordance with one of the 
preceding claims wherein: 

said NRZ data is carried in a luminance 
(luma) portion of said VBI waveform. 

15. Receiver apparatus for decoding, from a 
digital television data stream, user information of 
a type conventionally carried as NRZ data in a 
vertical blanking interval (VBI) waveform of an 
analog television signal, said digital television 
data stream transporting data according to a 
convention that includes a user data syntax, 

comprising : 

a syntax processor for detecting 
information carried in accordance with said user 
data syntax, said information including: 
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a first value identifying horizontal 
television line(s) relative to a base VBI frame line 
in which particular user information is carried in a 
counterpart television signal, 

a second value identifying a 
relationship between an NRZ symbol rate of said 
counterpart television signal and a digital 
television data reference clock, 

a third value indicating an amount of 
user information carried in the digital television 

data stream, and 

said user information; 
a reconstruction processor responsive to 
said first, second and third values for formatting 
said user information into VBI NRZ data; and 

a VBI inserter for inserting said VBI NRZ 
data into a television signal reconstructed from 
said digital television data stream. 

16. Apparatus in accordance with claim 15 
wherein: 

said syntax processor detects a start 
sample value indicative of a sample point at which a 
transition into a first NRZ symbol is to commence in 
said reconstructed television signal; and 

said VBI inserter is responsive to said 
start sample value for inserting said NRZ data into 
said reconstructed television signal. 
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17. Apparatus in accordance with one of claims 
15 to 16 wherein: 

said syntax processor detects a first 
amplitude value indicative of an amplitude at which 
NRZ symbols are to appear in said reconstructed 
television signal; and 

said reconstruction processor is 
responsive to said first amplitude value to provide 
said VBI NRZ data at said amplitude. 

18. Apparatus in accordance with one of claims 

15 to 17 wherein: 

said syntax processor detects a pulse 
shape value indicative of a pulse shape that is to 
be provided for said URZ symbols in said 
reconstructed television signal; and 

said reconstruction processor is 
responsive to said pulse shape value to provide said 
VBI NRZ data with said pulse shape. 

19. Apparatus in accordance with one of claims 

15 to 18 wherein: 

said syntax processor detects a field 
number indicative of a television field in which 
corresponding VBI data is to be inserted in said 
reconstructed television signal; and 

said VBI inserter is responsive to said 
field number for inserting said corresponding VBI 
data into a proper field. 



7 



(29) 



W BIT 10-224751 



20. Apparatus in accordance with one of claims 
15 to 19 wherein: 

said syntax processor detects and is 
responsive to an NRZ count value indicative of a 
number of NRZ constructs to be processed. 

21. Apparatus in accordance with one of claims 

15 to 20 wherein: 

said syntax processor detects and is 
responsive to a data type field for locating NRZ 
data in said digital television data stream. 

22. Apparatus in accordance with one of claims 

17 to 21 wherein: 

said syntax processor detects a second 
amplitude value indicative of a second amplitude at 
which NRZ symbols are to appear in said 
reconstructed television signal; and 

said reconstruction processor is 
responsive to said first and second amplitude values 
to provide said VBI NRZ data at said first and 
second amplitudes. 

23. Apparatus in accordance with one of claims 

15 to 22 wherein: 

said syntax processor detects a priority 
value designating a priority of said NRZ constructs; 
and 

said reconstruction processor is 
responsive to said priority value for use in 
formatting said user information. 
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3. Detailed Description of Invention 



in 



BACKGROUND OF THE INVENTION 

The present invention relates to the 
5 communication of digital television signals, and 

more particularly to a bandwidth efficient scheme 
for enabling a digital television data stream to 
carry most types of data conventionally carried : 
the vertical blanking interval (VBI} of an analog 
10 television signal. Examples of such data, 

hereinafter referred to as "user data", include 
closed caption data (CO , vertical interval time 
code .(VITC) , non-realtime video data (e.g., vertical 
interval test signal - VITS) , sampled video data, 
15 North American Basic Teletext Specification (NABTS) , 

world System Teletext (WST) , European Broadcast 
Union <EBD) data and Nielsen Automated, Measurement, 
and Lineup (AMOL) data. 

Digital transmission of television signals can 
20 deliver video and audio services of much higher 

quality than analog techniques. Digital 
transmission schemes are particularly advantageous 
for signals that are broadcast via a cahle 
television network or by satellite to cable 
25 television affiliates and/or directly to home 

satellite television receivers. It is expected that 
digital television transmitter and receiver systems 
will replace existing analog systems just as digital 
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compact discs have replaced analog phonograph 
records in the audio industry. 

One way to transmit the compressed video data 
to a receiver is in the form of packets contained 
5 within a packetized data stream. Typically, packets 

carrying compressed video data are multiplexed with 
other packets, e.g., carrying corresponding audio 
data and control information necessary to 
reconstruct a television signal. One standard for 
10 transporting digital television signals in this 

manner is the MPEG-2 standard, details of which can 
be found in the International Organisation for 
Standardisation, ISO/IEC 13818-1, international 
Standard, 13 November 1994 entitled "Generic Coding 
15 of Moving Pictures and Associated Audio: Systems," 

recommendation H. 222.0, incorporated herein by 
reference. Further details of the video syntax and 
semantics for MPEG-2 video can be found in 
international Organisation for Standardisation, 
20 ISO/IEC 13818-2, International Standard, 1995 

entitled "Generic Coding of Moving Pictures and 
Associated Audio; Video," recommendation H.262, alsc 
incorporated herein by reference. 

Another standard for transporting digital 
25 television data in a packet stream is the Advanced 

Television Systems Committee (ATSC) Digital 
Television Standard A/53, approved on April 12 and 
September 15, 1995, incorporated herein by 
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reference. The ATSC Digital Television Standard is 
based on the ISO/IBC MPEG-2 Video Standard, the 
Digital Audio Compression (AC-3) Standard, and the 
ISO/IEC MPEG-2 Systems Standard. 

In the ATSC and MPEG-2 systems (and the similar 
DigiCipher® II system proprietary to General 
Instrument Corporation, the assignee hereof) a 
transport stream, or transport multiplex is made up 
of a contiguous set of fixed length packets. The 
video sequence is transported using a hierarchical 
structure in which a sequence header is followed by 
various extensions, user data, a group of pictures 
{ "GOP" ) header, optional user data, a picture 
header, etc. The sequence header provides 
15 information for a sequence of pictures, which in 

general will include more than one GOP. This 
information includes, for example, horizontal and 
vertical size values, aspect ratio, frame and bit 
rate, and quantization parameters for the video 
data. A user data extension can also be included 
which, among other things, provides additional data 
for use by decoders. The DigiCipher® II standard 
provides for the transport of additional user data 
after the sequence header, in order to identify a 
25 DigiCipher® II signal and the use of any special 

video compression techniques used within a sequence, 
including DigiCipher© special prediction and bloc* 
motion estimation. 
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In both the MPEG- 2 and DigiCipher® XI syntaxes, 
a sequence display extension containing, e.g., video 
format and color description information, is 
provided in addition to the sequence extension and 
user data. A subsequent group of pictures header 
provides, among other information, a time code. 
Thereafter, a picture header is provided which 
includes various information pertaining to a 
corresponding picture in a sequence of pictures to 
be displayed. A picture extension and, ultimately, 
the actual picture data to be decoded and reproduced 
for viewing, is then provided. It is noted that 
MPEG does not specify the order in which various 
extensions (such as the sequence display extension) 
15 or the user data must be transmitted beyond the fact 

that they must be after the sequence extension and 
before the GOP header (if provided) or the picture 
header. MPEG does not require GOP headers to be 
sent, and such headers may be bypassed in particular 
20 implementations . 

In a practical transmission system it may be 
necessary to include additional data at different 
times for specific purposes, such as providing 
closed captioning, VITS, auxiliary real time video, 
25 Teletext, and AMOL data. Such additional data may 

be carried in the vertical blanking interval (VBI) 
portions of an analog television signal, and is 
referred to herein as "VBI user information", "user 
data", or "user information." 
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Many standards have been developed for services 
provided via waveforms carried in the VBI lines of 
analog and composite video. Digital video 
compression systems tend to employ algorithms 
5 optimized for the characteristics of two dimensional 

motion video. These algorithms are not generally 
well suited for the compression of video waveforms 
present in Che VBI lines of analog video. 

The character of VBI waveforms is very 
10 different compared to active video. Lack of 

compression for these lines is very bandwidth 
intensive, such as sending 8 or 10 bit samples of 
704 or 720 luminance and chrominance pixels. For 
example, 72 0 luminance and chrominance values at 8 
15 bit resolution and 30 Hz requires 345,600 bps while 

the information conveyed by these lines only 
represents 480 bps for closed captions and 6720 bps 
for North American Basic Teletext Specification. As 
the transition to digital video proceeds, the demand 
20 for carriage and reconstruction of VBI services 

continues. Digital video distribution systems are 
expected to reconstruct the VBI as well as the 
active video, even when digital video compression 
techniques are employed. Thus, there is a need for 
25 algorithms, syntax and semantics specifically for 

the compression of VBI video lines that will allow 
an efficient and flexible alternative to developing 
VBI -waveform specific user data syntax and 
semantics . 
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It would be advantageous to provide a generic 
transport syntax and semantics for digital 
television data that would accommodate various types 
of VBI user information which may or may not be used 
at any given time. Such a scheme would enable the 
economical management of bandwidth while providing 
flexibility as to the transport of VBI user 
information. The present invention provides a 
transport method and apparatus enjoying nhe 
aforementioned advantages. 
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SUMMARY OF THE INVENTION 

In accordance with Che present invention, a 
method is provided for communicating, in a digital 
television data stream, user information of a type 
5 conventionally carried as non-return- to-zero (NRZ) 

data in a vertical blanking interval (VBI) waveform 
of an analog television signal . For purposes of 
this disclosure, the term "NRZ data" is meant to 
include other types of data that can be represented 

10 as NRZ data, such as Manchester encoded data. The 

digital television data stream transports data 
according to a convention that includes a user data 
syntax. Such conventions include, without 
limitation, the MPEG-2, ATSC and DigiCipher II 

15'- digital television standards. In accordance with 
the method, the conventional user data syntax is 
supplemented with a line indicator value specifying 
one or more horizontal television lines relative to 
a base VBI frame line in which user information is 

20 carried as NRZ data in a counterpart analog 

television signal. The user data syntax is also 
supplemented with at least one timing reference 
value that defines a relationship between a symbol 
rate of the NRZ data and a reference clock of the 

25 digital television data stream. The user data 

syntax is further supplemented with at least one 
count value indicating an amount of user information 
carried in the digital television data stream. The 
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user data syntax is then supplemented with at least 
one user information field sufficient to carry the 
amount of user information indicated by the at least 
one count value . 
5 The user data syntax can be further 

supplemented with a start sample value. The start 
sample value is indicative of a sample point at 
which a transition into a first luminance (luma) NRZ 
symbol is to commence in a counterpart television 

10 signal reconstructed from the digital television 

data stream. 

The user data syntax can be further 
supplemented with a first amplitude value indicative 
of an amplitude at which luma NRZ symbols are to 

15 appear in the counterpart television signal that is 

reconstructed from the digital television data 
stream. 

The user data syntax can be further 
supplemented with a pulse shape value indicative of 

20 a pulse shape that is to be provided for the luma 

NRZ symbols in the counterpart television signal 
reconstructed from the digital television data 
stream. Moreover, the user data syntax can be 
supplemented with a field number indicative of a 

25 television field in which corresponding VBI data is 

to be inserted in the counterpart television signal 
reconstructed from the digital television data 
stream. 
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Advantageously, the user data syntax is capable 
of delivering a plurality of luma NRZ constructs. 
Each construct carries associated user information. 
In such an embodiment, the user data syntax is 
5 supplemented with a luma NRZ count value indicative 

of the number of the luma NRZ constructs following 
the luma NRZ count value . The user data syntax can 
also be supplemented with a data type field 
specifying that luma NRZ data follows. 

10 The user data syntax can be supplemented with a 

second amplitude value indicative of a second 
amplitude level of the luma NRZ symbols. A priority 
value can be provided in the syntax to designate a 
priority of the luma NRZ constructs for use in 

15 reconstructing the counterpart television signal 

from the digital television data stream. 

As indicated above, the user data syntax is 
supplemented with a timing reference value. This 
value can comprise a luma NRZ symbol clock increment 

20 value and a luma NRZ modulus value. The symbol 

clock increment and modulus values are related to 
the NRZ symbol rate and the reference clock as 
follows : 

increment value _ symbol rate 
modulus value ~ reference clock 

The count value can comprise a word count 
25 indicating an integer number of luma NRZ words that 

follow and a remainder count indicating a number of 
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luma NRZ bits totaling less than a full luma NRZ 
word that follow. The syntax thereby provides an 
efficient use of bandwidth by enabling remainders of 
less than a full NRZ word to be communicated. In a 
specific embodiment , such as an MPEG-2 or ATSC 
implementation, the luma NRZ words are each 22 bits 
in length, and the method comprises the further step 
of inserting a marker bit after each luma NRZ word 
to guard against a false MPEG start code. 

The user information can be carried according 
to the user data syntax as luma NRZ words and luna 
NRZ bits. Each luma NRZ word comprises a string of 
luma NRZ symbols with the first bit corresponding to 
a first luma NRZ symbol to be reconstructed on a 
15 video line as displayed from left to right. 3ach 

luma NRZ bit represents a luma NRZ symbol to be 
reconstructed on the video line. The luma NRZ bits 
are provided in the order in which their symbols are 
co be reconstructed on the video line subsequent to 
2 0 symbols reconstructed from any luma NRZ words, as 

displayed from left to right. 

Receiver apparatus is provided for decoding; 
from a digital television data stream, user 
information of a type conventionally carried as NRZ 
25 data in a vertical blanJcir.g interval waveform of an 

analog television signal. The digital television 
data stream transports data according to a 
convention that includes a user data syntax. A 
syntax processor detects information carried in 
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accordance with the user data syntax. Such 
information includes a first value identifying at 
least one horizontal television line relative to a 
base VBI frame line in which particular user 
5 information is carried in a counterpart television 

signal. A second value identifies a relationship 
between an NRZ symbol rate of the councerpar- 
television signal and a digital television data 
reference clock. A third value indicates an amount 
10 of user information carried in the digital 

television data stream. The information carried in 
accordance with the user data syntax also includes 
the actual user information to be conveyed. A 
reconstruction processor is responsive to the first, 
15 second and third values for formatting the user 

information into VBI NRZ data. A VBI inserter is 
provided for inserting the VBI NRZ data into, for 
example, a digital television signal from which an 
analog television signal can be reconstructed. 
20 Alternatively, such a digital television signal can 

be directly recorded or reproduced by a digital 
television appliance such as a video recorder or 
digital television. 

In the illustrated embodiment, the syntax 
25 processor detects a start sample value indicative o: 

a sample point at which a transition into a first 
NRZ symbol is to commence in. the reconstructed 
television signal. The VBI inserter is responsive 
to the start sample value for inserting the NRZ dat 
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into the reconstructed television signal. The 
syntax processor detects a first amplitude value 
indicative of an amplitude at which NRZ symbols are 
to appear in the reconstructed television signal. 
5 The reconstruction processor is responsive to the 

first amplitude value to provide the VBI NRZ data at 
the amplitude indicated by the first amplitude 
value . 

The syntax processor of the illustrated 

10 embodiment detects a pulse shape value indicative of 

a pulse shape that is to be provided for the NRZ 
symbols in the reconstructed television signal. The 
reconstruction processor is responsive to the pulse 
shape value to provide the vbi NRZ data with the 

15 pulse shape indicated. 

The syntax processor can further detect a field 
number indicative of a television field in which 
corresponding VBI data is to be inserted in the 
reconstructed television signal. The VBI inserter 

20 is responsive to the field number for inserting the 

corresponding VBI data into a proper field. 
Moreover, the syntax processor can detect an NRZ 
count value indicative of a number of NRZ constructs 
to be processed. In response to the NRZ count 

25 value, the subsequent NRZ constructs will be 

processed. 

The syntax processor can further detect a data 
type field for locating NRZ data in the digital 
television data stream. Also, a data length field 
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can be provided to enable unsupported data types to 
be ignored by skipping an amount of data specified 
by the data length field. 

A second amplitude value can be provided for 
detection by the syntax processor. The second . 
amplitude value is indicative of a second amplitude 
at which NRZ symbols are to appear in the 
reconstructed television signal. The purpose of the 
first and .second amplitude values is to control the 
luminance level for the n 0" and "1" symbols. In 
such an embodiment, the reconstruction processor is 
responsive to the first and second amplitude values 
to provide the VBI NRZ data at the first and second 
amplitudes . 

The syntax processor can also detect a priority 
value designating a priority of the NRZ constructs. 
The priority established by the priority value 
enables decoders having different capabilities to be 
accommodated, with individual decoders deciding 
which lines to reconstruct based on an assigned 
priority when they cannot reconstruct all lines 
supplied with the picture. The reconstruction 
processor is responsive to the priority value for 
reconstructing the selected lines. 
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DETAILED DESCRIPTION OF TH E INVENTION 

The present invention provides a bandwidth 
efficient method and apparatus for using a digital 
television data stream to transport variable amounts 
5 of different types of information conventionally 

carried in the VBI portion of an analog television 
signal. The information of concern is a subset of a 
type of user data referred to as "picture user data" 
to distinguish it from "sequence user data" in an 
10 MPEG , ATSC or DigiCipher® II transport stream. This 

subset, referred to herein as VBI user information, 
comprises information such as closed caption data, 
sampled video data, NABTS, WST, EBU data and Nielsen 
AMOL data. 3ach of these categories of picture user 
15' data is upda-ed each picture. The picture user data 
is transported in portions of successive video 
frames which correspond to VBI lines. Each VBI line 
is represented by 720 eight -bit luminance samples 
and 7 20 eight-bit chrominance samples before 
20 processing in accordance with the present invention. 

The present invention resulted from a 
realization chat most of the standard VBI waveforms 
can be represented as non-return-to-zero (NRZ) data 
modulated onco the luminance portion of a video 
25 signal. Such waveforms can be classified by their 

pulse shape, number of pixels per symbol, symbol-to- 
rise time ratio, waveform start time within the video 
line, and applicable video system (i.e., video 
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standard) • Since none of the standards specify 
significant line-to-line or frame- to- frame 
correlation of data, each VBI line can be processed 
independently of any other VBI line. 
5 Moreover, the pulse shape specifications allow 

the different VBI waveforms to be categorized into 
waveforms that require a pulse shape of less than 
one symbol time in duration (such as non-Teletext 
waveforms) and waveforms that require a pulse shape 

10 of more than one symbol time (such as Teletext 

waveforms) . 

The present invention capitalizes on the 
realizations set forth above with respect to the 
various different VBI waveform formats to provide a 

15 syntax for the communication of VBI data in a 

digital television data stream. The invention 
further capitalizes on these realizations to provide 
a single state machine that is able to reconstruct 
most of the various VBI waveforms . The state 

20 machine allows the following parameters to be 

programmable: the field number of the particular VBI 
line, the line number of the particular VBI line, 
the symbol rate used by the particular VBI waveform 
standard, the standard's CCIR-601 start sample 

25 number, the standard's risetime (symbol to 

transition duration ratio), the standard's CCIR-601 
value for NRZ "0" and "1" symbols, the number of 
symbols in the standard's waveform, and the vector 
of values of the symbols in the particular VBI 
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line's waveform. As will be appreciated by those 
skilled in the art, "CCIR-601" is a standard 
promulgated by the International Radio Consul tive 
Committee for digital component ceding and 
5 filtering. 

Table l summarises the key attributes of the 
known VBI waveform standards . The standards listed 
apply to eitner 525 -line [ntsc and pal/m) or 625- 
line { PAL excepting PAL/M) video Systems. Each 

10 standard provides some portion of the waveform as a 

Timing Reference and Sync Pattern for the purpose of 
symbol synchronization. As well, each provides a 
fixed number of Data Bits per video line, some of 
which may be provided for -he purpose of Error 

15 Detection. Each modulates the data bits onto the 

video line via some Modulation technique and 
employing different Amplitudes to represent 
different data bit values. Finally, each waveform 
employs a nominal symbol Rate (sometimes referenced 

20 to the video line rate [fh] ) and Pulse (symbol) 

Shape (often specified with a rise time [tr] or 
Raised Cosine pulse shape with a particular value of 
Alpha) . The unique attributes of particular 
standards are highlighted in bold font. 
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Table 1: Summary of VBI Waveform Standards . 



Standard 


System 


Tuning 
Reference 


Sync Pattern 


Data Bits 


Modulation 


Amplitude 


Symbol 
Rate 


Pulse Shape 


CC 


525 


7 sice 
cycles 


3 bits 


16 


NttZ 


o&n 


32 fh 


tr=240 nscc 


AMOL 1 


525 


sync bits 


7 biis 


41 


NRZ 


5 & 55 IRE 


1 Mbps 


tr=250 nsec 


AMOL U 


525 


Sync Bits 


3 bits 


88 


NRZ 


5 & 55 IRE 


2 Mbps 


tr— 125 nsec 


NA.BTS 


525 


sync bits 


16 bits 


272 


NRZ 


0 A 70 IRE 


364 fh 


alpha?* 1.0 


WST 


525 


sync bits 


14 bits 


m 


NR2 


0 & 66 [RE 


364 fh 


alpha =0.4 5 


WST 


625 


sync bits 


2a bits 




NRZ 


0 & 70 IRE 


444 fh 


alpha**0.45 


vrrc 


525 


sync bits 


9 pairs of 
bits 

distributed 


72 


NRZ 


0 & 570 
mV 


455/4 
fh 


tr-200 nscc 


vrrc 


625 


sync bits 


9 psire of 
bits 

distributed 


72 


NRZ 


0 & 550 

mV 


116 fh 


tr«200 nscc 


EBU 3217 


625 


sync bits 


8 bits (16 
symbols) 


120 bits 

C240 

symbols) 


Bi-Phase 


0 & 500 

mV2.5 

Mbps 







Various conclusions can be drawn by comparing 
the different VBI waveform standards set forth in 
Table l. These include: 

1 . All of the waveforms can be represented as 
5 NRZ data modulated onto the luminance of the video 

signal, even EBU 3217 's bi -phase modulated symbols, 
but the nominal luminance values representing NRZ 
"0" and "1" symbols differ from waveform to 
waveform . 

10 2. The Pulse Shape specifications polarize the 

waveforms into those which require a pulse shape of 
less than one symbol time in duration for the 



(47) 



10-224751 



non- Teletext waveforms and the converse for the 
Teletext waveforms . 

3. None of the standards specify significant 
line-to-line or frame- to -frame correlation of data; 

5 thus, it is advantageous to handle each VBI line 

independently of any other VBI line. 

4. VITC's synchronization bits are best simply 
handled as data bits. 

5. The number of CCIR-S01 samples per symbol 
10 ranges by a fac:or of 13 over all the waveforms. 

6. The symbol-to-risetinie ratio ranges from 1.5 
to 8.5 over all the non-Teletext waveforms. 

7. The symbol rate of che waveforms ranges by a 
factor of 21. 

15 a. The required start sample of the waveforms, 

relative to the first CCIR-601 sample, ranges from 
27 samples before CCIR-601 sample zero to 80 samples 
after sample zero with a nominal value of 26 samples 
after sample zero. 

20 in view of che above conclusions, it has been 

determined that a single state machine can be 
created to reconstruct all of these VBI waveforms if 
the following parameters are programmable in the 
state machine: 

25 1. The field number of the particular VBI line, 
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2. The line number of the particular VBI line, 

3. The standard's symbol rate, 

4. The standard's CCIR-601 start sample number, 

5. The standard's risetirue (symbol transition 
5 duration) , 

6. The standard's CCIR-601 value for NRZ "0" 
and "1" symbols, 

7. The number of symbols in the standard's 
waveform, 

10 8. The vector of values of the symbols in the 

particular VBI line's waveform. 



A state machine providing programmability of 
the above parameters for use in reconstructing each 
of the various VBI waveforms is disclosed below in 
15 connection with Figure 3. Prior to discussing the 

state machine, the novel syntax of the present 
invention is disclosed, in conjunction with an 
example embodiment of an encoder and decoder 
structure . 

20 Figure 1 illustrates, in block diagram form, an 

encoder for processing raw digital video data into a 
user data syntax, referred to herein as "luma NRZ" , 
in which variable amounts of different types of VBI 
user information can be communicated in a digital 
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television data stream. The raw digital video, such 
as video complying with the Society of Motion 
Picture and Television Engineers (SMPT3) standard is 
input to a serial receiver 12 via terminal 10. The 

5 . serial receiver serializes the data which is input 
in a parallel format. The serialized data is 
buffered in a buffer 14, which can comprise a 
conventional first-in firs --out: (FIFO) register. A 
video parser 16 interprets the syntax of the 

10 serialized data and strips out various information 

such as that identifying the start of a new line, 
the start of a new frame, and zhe raw luminance and 
chrominance data. The luminance and chrominance 
data is input to a demultiplexer 18 where it is 

15 separated into data portions corresponding to 

vertical blanking intervals of successive video 
frames (e.g., lines 1-21 of a counterpart NTSC 
analog television signal) and the active video 
portions of those frames. Demultiplexer 18 also 

20 determines if synchronization of the acquired data 

stream has been lost, and if so, outputs a "sync 
loss" signal to a video compression processor 22, 
which also receives the active video to be 
compressed. The video compression processor is a 

25 type well known in the art, such as described in 

U.S. patents 5,376,968; 5,235,419; 5,091,732; or 
5. 063, 724 . 

It is noted that some types of user data which 
is classified as VBI data may not reside in the 
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actual V3I. For example, programming lineup 
information used by the A.G. Nielsen Company for 
market research and referred Co as "Automated 
Measurement of Lineup" (AMOL) is inserted into line 
22 of field 2 of each television frame in the 
National Television Systems Committee (NTSC) 
broadcasting standard. Line 22 is an active video 
line, and thus a decoder may commence processing 
active video with line 23 instead of line 22 for 
NTSC signals. Within a 30- frame sequence, the AMOL 
line for each frame will -ypically be present, but 
the data for most frames will generally be null. In 
order to accommodate AMOL data, the VBI is assumed 
to extend to line 22 instead of line 21. 

15. The data contained in the VBI portions of the 

digital video input signal is output from 
demultiplexer 18 to random access memories (RAMs) 
20, which include both a luminance RAM and a 
chrominance RAM. The RAMs store the data until 

20 required by a syntax processor 24 which extracts the 

VBI user information and builds a syntax enabling 
the information to be transported efficiently in the 
VBI portions of a digital television data stream to 
be communicated to a corresponding decoder, e.g.; a~ 

25 an end user location. 

The syntax provided by the syntax processor is 
stored in a header FIFO 28, which is used to 
assemble transport headers for, e.g., an MPEG or 
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DigiCipher® II implementation of the digital 
television data stream. The header FIFO provides 
the syntax information to a barrel shifter 3 0 that 
combines the header with the compressed active video 
5 from a video coder 26. The video coder 2 6 codes the 

compressed video from the video compression 
processor 22 in a well known manner using, for 
example, Huffman coding to provide codewords (CW) , 
codeword lengths (CD and data tags which identify 

10 the coded information. The output from barrel 

shifter 30 is a data stream containing the active 
video separated by headers which contain information 
necessary to decode the active video. This data 
stream is stored in a video buffer 32 which provides 

15 the data on an as needed basis to a packetizer 34. 

The packetizer is a conventional component which 
assembles the data into transport packets in 
accordance with a transport stream standard such as 
the ATSC, MPEG-2 or DigiCipher® II digital 

2 0 television standard. 

The functions of the syntax processor 24, 
insofar as they are relevant to the present 
invention, are described below using the formal 
grammar used by the ATSC and MPEG transport 
25 standards. This grammar is a C- language- Like syntax 

and is a method of describing continuous and 
possibly variable rate sequences of bits, instead of 
specifying a procedural program and its functions as 
in the computer language C. The first column of the 
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syntax contains the syntax element . The second 
column gives the length of the syntax elements in 
bits and che third column identifies the syntax 
type. The types are bslbf (bit string left-most bit 
5 first) and uimsbf (unsigned integer most significant 

bit first) . The header "user^data 

() {...}" indicates that the syntax elements within 
the braces are a named set and may be invoked 
elsewhere in the syntax by simply using the 

10 designation "user_data ( ) 11 . A conditional 

occurrence of bit structures may be indicated with 
the usual "if" tests. The customary relational 
operators well known. in the C- language are also 
available. Loop struccures are possible and use the 

15. standard C loop header syntax. The syntax table is 
accompanied by a set of semantics, providing 
definitions for each previously undefined syntax 
field and placing constraints on their use. The 
following picture user data bitstream syntax (in 

20 which the shaded areas represent che standard ATSC 
user data syntax and the non-shaded areas represent 
-he syntax of the present invention) and bitstream 
semantics illustrate a preferred embodiment of the 
present invention: 
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additional_data_typa 


a 


utrnsfat 


additional_dataJength 


16 


uimsai 




if (additiona[_datajYPS ■ - 


*0kO1') { 








luma nrz count 


5 


uimsbf 




for (i-Q ; i <luma_mz_ 


_count ; i**) { 








luma_nrz_p/ioiity 


2 


uimsbf 


field numbar 


2 


uimsbf 


line offset 


5 


uimsbf 


start_sarnpla 


9 


uirnsDi 


nrz incremont 




uimsbf 


nrz modulus 


10 


uimsbf 


0_amplhudB 


8 


Ullll J4J 1 


1_amplituds 


a 


uimsbf 


pulse^shape 


2 


uimsbf 




if 1pu|sB_shapa - 


- "rectangular") { 








symbol to transition ratio 


8 


uimsbf 


) 








if Ipulse^shapa - 


- "rais9d_cosina") ( 








reserved 


3 


bslbt 


nrz alpha 


5 


uimsbf 


) 
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if (palse_ihaii6 - - "jes wired - ) { 






reserved 


8 


b&lbf 


} 






word count 


5 


uimabf 


for (j-0 ; j < word count ; j + •»-} { 






marker bit 


1 


bslbr 


luma nrz ware 


22 


bsibf 


) 






marker bit 


1 


bilbt 


remainder cxint 


5 


uinsbf 


for (j-0 ; j< ramaindef^count ; jr*) { 






luraa nrz bit 


1 


bslbf 


) 






maikar bit 


1 


bstbl 


) 






) 
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Picture PBsr Data Semantic Extensions: 



additional_data_trypa - An 8-bit integer (values in the range 
[1:255]) indicating the type of additional data constructs 
following the field. This field shall have the value CI in 
hexadecimal to indicate the additional data is luma NRZ 
data . 

additionaldatalength - A 16-bit unsigned integer (values in 
the range [0:65535]) indicating the length in bytes of 



)3 



(55) 



mm^l 0-2 24 7 5 1 



additional data constructs following the field.. The length 
does not include the addit ional_data_length field itself, but 
includes the following additional_data for the given 
additional_data_type, up to but not including subsequent 
addit ional_data of any other addit ional_data_type . 
luma_nrz_count - A five-bit integer (values in the range 
[0:31]) indicating the number of Luma NRZ constructs 
following the field. All such constructs must occur in the 
intended line and field display order, 
luma nr2_priority - A number between 0 and 3 indicating the 
priority of constructs in picture reconstruction where 
different levels of hardware capability exist. For Luma NRZ 
constructs, a fixed number of lines per display field can 
be labeled as priority sero. 
field_number - The number of the field, in display order, 
.from which the VBI data originated, interpreted in Table 2. 



Table 2. Field Number for Picture User Data, 



Value 


Meaning 


00 


Forbidden 


01 


1st display field 


10 


2nd display field 


11 


3rd display field (the 
repeated field in film 
mode) . 



line_off set - A five-bit integer (values in the range [1:31]) 
giving the offset in lines from which the Luma NRZ data 
originated relative to the base VBI frame line (line 9 of 
525-line {NTSC and PAL/M } field 1, line 272 of 525-line 
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field 2, line 5 of 625-line {All PAL except PAL/m} field 1, 
and line 318 of 625-line field 2), as specified in CCIR 
Report 624-4. 

start_s ample - A 9 -bit unsigned integer (values in the range 
[0:511]) which indicates the sample of the reconstructed 
luminance line at which the transition into the first luma 
NRZ symbol shall start. s t art _s ample shall be in the same 
units as CCIR 601 samples and shall be relative to the 
first sample of CCIR 601 reconstructed frames - 

nrz_increm©nt - A 6 -bit unsigned integer (values in the range 
[1:63]) which indicates the Luma NRZ symbol clock increment 
value and takes on values that describe, together with 
nrz_modulus , the relationship of the Luma NRZ symbol clock 
to a 27 MHz reference. See the semantics of nrz_modulus 
for more details. 

nrz_modulus - A 10 -bit unsigned integer (values in the range 
[2:102*3]) which indicates the Luma NRZ symbol clock modulus 
value and takes on values that describe, together with 
nrz_increment, the relationship of the Luma NRZ symbol 
clock to a 27 MHz reference. Specifically, nrz_increment 
and nrz_modulus are related to the Luma NRZ symbol rate as: 

nrz increment / nrz modulus = Luma NRZ symbol rate / 
sy s t em_c 1 o ck_f r equen cy 



where 



system_clock_frequency is specified in ISO/IEC 13818-1 
as 2 7 MHz ±30 ppm and the value of nrz_increment must not 
exceed nrz modulus-1. 
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0_amplitude - An 8 -bit unsigned integer (values in the range 
11:254}) which indicates the amplitude at which luma NRZ 
symbols of value 0 shall be reconstructed in units of 
amplitude of CCIR 601 reconstructed frames. 

l_ajnpli tude - An 8 -bit unsigned integer (values in the range 
[1:254}) which indicates the amplitude at which luma NRZ 
symbol3 of value 1 shall be re cons t ructed in units of 
amplitude o£ CCIR 601 reconstructed frames. 

pulse_shape - A 2 -bit unsigned integer which indicates the 
shape of the pulses which shall be used to reconstruct this 
line of Luma KTRZ . The meaning cf pulse_shape is defined in 
Table 3 . 



Table 3. Pulse Shape. 



pul se_shape 


Luma NRZ Pulse Shape 


00 


rectangular 


01 


raised cosine 


10 


reserved 


11 


reserved 



symbol_to_trajisition_ratio - An 3 -bit unsigned integer 

(values in the range [16:255]) which indicates the ratio c 
each luma NRZ symbol's duration to each symbol's transitu 
duration between the amplitudes specified by 0_aaiplitude 
and l_amplitude and having units of 2" 4 (0.0625). This 
field describes symbols with a symbol to transition ratio 
ranging from 1.0 to 15.9375. 
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nrz_alpha - A 5 -bit unsigned integer (values in the range 
[0:31]) which indicates the value of Alpha for the Raised 
Cosine filter whose pulse shape describes each lutna NRZ 
symbol with units of 2* 5 {0.03125) . This field describes 
values of Alpha from 0.03125 to i.o. The meaning of 
nrz_alpha is defined in Table 4. 



Table 4. 2TRZ Alpha. 



nrz alpha 


Alpha value 


OGOOO- 


1.0 


00001-11111 


nrzalpha * 0.03125 



word_count - A 5 -bit unsigned integer (values in the range 
[0:31]) which indicates the number of marker_bit and 
luma_nrz_word pairs that follow this field. 

luma_arz_word - A 22-bit string of luma NRZ symbols such that 
the first received bit is the value of the first luma NRZ 
symbol reconstructed on the video line as displayed from 
left to right. luma_nrz_words shall be received in the 
order that their symbols are to be reconstructed on the 
video line as displayed from left to right. 

rem*inder_couiit - A 5 -bit unsigned integer (values in the 
range [0:21]) which indicates the number of luma__nrz_bi ts 
that follow this field. 

luma_nrs_jbit - A single bit representing the luma NRZ symbol 
:o be reconstructed on the video line. luma_nrz_bit s shall 
be received in the order that their symbols are to be 
reconstructed on the video line, subsequent to symbols 
reconstructed from any luma_nr z_words , as displayed from 
left to right. 
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The above syntax is assembled by the syntax 
processor 24 illustrated in Figure 1. In the 
preferred embodiment, the syntax processor is 
implemented in firmware. After the syntax is added 
5 to the digital video data, the resultant data stream 

is packetized and output from packetizer 34 to 
provide the final transport stream for communication 
to a population of decoders . 

Figure 2 is a block diagram of a video 

10 decompression processor (i.e., decoder) for 

processing a received data stream that contains the 
VBI user data syntax detailed above. The video 
decompression processor (VDP) incorporates a memory 
manager 130 that addresses a DRAM 122 to store and 

15 retrieve video data necessary to reconstruct a 

television program at a receiver. The processor, 
generally designated 120, is a pipelined processor 
designed to decode both the transport layer (i.e., 
control and other non-video information) and the 

20 video layer of the compressed bitstream input via 

terminal 110, sometimes referred to as the 
"transport packet interface" of the video processor. 

A user processor interface which can comprise, 
for example, an M-bus controller 150 is provided at 
25 terminal 114 for control of the video data 

processor. This interface configures various 
registers in processor 120 as well known in the art. 

An interface to the DRAM 122 is provided via 
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address lines 124 and data lines 126, In .the 
example illustrated in Figure 2, DRAM 122 has a nine 
bit address port and a thirty-two bit data port. 

A video output interface 13 8 is provided for 
5 the decompressed, reconstructed video which may, for 

example, be output as a standard CCIR 656, eight 
bit, twenty- seven MHz multiplexed luminance (Y) and 
chrominance (Cr, Cb) signal. 

A. test interface can be provided via terminal 

10 162 to a conventional JTAG (Joint Test Action Group) 

controller 160. JTAG is a standardized boundary 
scan methodology used for board-level testing to 
detect faults in package and board connections, as 
well as internal circuitry. 

15 The video decompression processor 120 receives 

a clock signal via terminal 112. The clock provides 
timing information that ie used, e.g., to enable a 
transport syntax parser 132 to recover timing 
information and video information from transport 

2 0 packets contained in a packet ized data stream input 

via terminal 110. An acquisition and error 
management circuit 134 utilizes a program clock 
reference (PCR) and decode time stamp (DTS) detected 
by a video syntax parser 140 to synchronize the 

25 start of picture decoding. This circuit sets 

vertical synchronization and provides global 
synchronization for all video decode and display 
functions . 
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The video layer is buffered in an input buffer 
(FIFO) configured in the DRAM 122 by memory manager 
130. The video syntax parser 140 receives the 
compressed video data output from the DRAM FIFO via 
5 memory manager 130 , and separates the motion vector 

information from the coefficients describing the 
video information. The coefficients are processed 
by a Huffman decoder 152, inverse quantizer 154, and 
inverse discrete cosine transform (IDCT) processor 
10 156, 

Motion vectors are recovered and used to 
address previously decoded video frames required for 
reconstructing a current video frame. In 
particular, a motion vector decoder 142 decodes the 

15 motion vectors received from video syntax parser 14 0 

and passes them to a prediction address generator 
144. The prediction address generator provides 
address information necessary to retrieve, via 
memory manager 130, the necessary anchor frame 

20 (i,e., intraframe (I) or prediction (P) frame) data 

to enable prediction calculator 14 6 to provide a 
prediction signal necessary to reconstruct a current 
frame block. Differential decoder 148 combines the 
prediction data with the decoded coefficient data to 

25 provide decompressed video data. The decompressed 

data is stored in appropriate buffers of DRAM 122 
via memory manager 130. It should be appreciated 
that the video decompression processes carried out 
by motion vector decoder 142, prediction address 
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generator 144, prediction calculator 146, 
differential decoder 148, Huffman decoder 152, 
inverse quantizer 154 and IDCT 156 are generally 
conventional and well understood by those skilled in 
5 the art . 

Memory manager 130 schedules all activity on 
the DRAM address and data buses 124, 126 and 
efficiently addresses DRAM 122. The memory manager 
insures that the da.a transfer requirements of the 

1C input FIFO portion of DRAM 122, the video syntax 

parser 140 and the video reconstruction circuit 13 6 
(as well as prediction calculator 146 and 
differential decoder 148) are all met- The video 
reconstruction circuit 13 6 calculates a current 

15 picture and processes the VBI user data in order to 

insert any user data present, for output on video 
output line 138. The video output 138 will contain 
all of the transmitted VBI user information together 
with the decompressed active video, in the original 

20 format presented to the serial receiver 12 

illustrated in Figure 1. 

DRAM 122 is illustrated as an external memory. 
It should be appreciated that in future 
implementations, and as memory technology advances, 

2 5 DRAM 12 2 may be provided as internal memory within 

the video decompression processor. The DRAM is 
mapped to provide various decode and output video 
buffers as well as a circular FIFO buffer for the 
compressed input video bxtstream. The DRAM may also 
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be used to provide a test pattern buffer, a VITS 
buffer and a closed captioning display reordering 
buffer as well as to store various picture structure 
data necessary to properly display the decoded video 
5 frames. The DRAM can be reinitialized via memory 

manager 130 to provide different memory maps as 
required when variables are modified such as PAL or 
NTSC video, eight or sixteen Mbit memory 
conf iguration, and whether B-frames are present. 
10 As indicated above, the memory manager 130 

schedules all of the activity on the DRAM buses 
including the data transfer requirements of the 
input FIFO, the video parser and the video 
reconstruction circuit. The memory manager also 
15 performs the required DRAM refresh in a conventional 

manner. For example, the same row in each of two or 
four DRAMs can be refreshed simultaneously. 

When a packetized bitstream containing 
compressed video data is input to terminal 110 of 
20 video decompression processor 120, video frames 

represented by the compressed data are reconstructed 
one at a time. Initially, a full frame of video 
data will have to be received and stored in DRAM 
122. Information for subsequent video frames can 
25 comprise a subset of the full video frame which, 

when added to prediction data from the prior video 
frame (stored in DRAM 122) will result in the 
reconstruction of a full frame. 
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Figure 3 is a block diagram of a pixel 
generator for generating a digital VBI waveform from 
user data carried in a digital video data stream 
according to the syntax set forth above. The 
waveform generator is part of the video 
reconstruction circuit 136 of Figure 2, and is 
capable of accommodating the various parameters for 
the AMOL, VITC and EBU VBI standards set forth in 
Table 1. Each of these VBI services has a 
corresponding number of pixels per symbol. The 
closed caption, AMOL, VITC and EBU services have 
pulses with an impulse response time which is less 
than one symbol time, referred to herein as single 
symbol impulse response. The teletext services have 
a multisymbol impulse response, wherein the impulse 
response time is several symbols. A waveform 
generator for services having a multisymbol impulse 
response is described in Figure 4. 

The services with a single symbol impulse 
response each have a corresponding rise time, total 
transition time, and number of pixels per 
transition. This information is summarized for each 
service type in Table 5 . 
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Table 5. VBI Service Characteristics 



Standard 


Pixels/Symbol 
(Fraciioo) 


Pixels/Symbol 


Rise time 


Total Transition 


Pixels/Transition 


Closed Captions 


429/16 


26. 8 L 


240 usee 


406,78 nsec 


5.4915 


AMOL I 


27/2 


13.5 


250 nsec 


423.73 nsec 


5.7104 


AMOL U 


27/4 


6.16 


125 nsec 


211.86 


2.8601 


NABTS 


35/14 


2.36 


N/A 


N/A 


N/A 


WST (525) 


33/14 


2.36 


N/A 


N/A 


N/A 


WST (625) 


72/37 


1.95 


N/A 


N/A 


N/A 


VITC (525) , 


264/35 


7.54 


200 nsec 


338.98 nsec 


4.5762 


VITC (625) 


216/19 


7,45 


200 nsec 


338.98 nsec 


4.5762 


EBU 3217 


27/5 


5.4 


250 nsec 


423.73 


5,72(34 



The single symbol impulse response category of 
service has the characteristic that there are four 
or more pixels at CCIR 601 sampling rate per symbol. 
As can be seen from Table 5, closed caption has the 



5 maximum number of pixels per symbol, namely 27. For 

single symbol impulse response services, there is no 
overlap from one symbol to the next . The time 
response of the symbol is characterized by its 
transition and the full amplitude portion. 

10 The transition portion of a symbol can be 

downloaded as part of the service, or resident in a 
transition memory (ROM or RAM) , such as provided in 
transition generator 218 in Figure 3. The use of 
ROM is more efficient: in terms of hardware 

15 complexity and channel efficiency. A sine squared 

transition will work for all of the various VBI 
services . 

Data to be inserted into a VBI waveform at a 
decoder is inserted via a symbol input 200 and 
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queued up in a FIFO 202. The data is inserted into 
the VBI by playing back the symbols through a pixel 
generator. The pixel generator will be provided 
with the high and low levels to insert (0_amplitude 
5 and l_amplitude) via terminal 201, the frame line 

number on which to insert the data (derived from 
field_number and line_offset> via terminal 203, the 
transition type (derived from pulse_shape) via 
terminal 205, the number of symbols to insert 

10 (derived from word_count and remainder_count ) via 

terminal 207, the nrz_modulus and nrz_increment via 
terminals 209 and 211 respectively, the 
symbol_to_transition_ratio via terminal 213, and the 
start time of the first symbol ( s tart_sample) via 

15 terminal 215. All of this information is specific 

to the particular type of VBI data to be inserted, 
and is provided via the syntax defined above. The 
video data into which the VBI data is to be inserted 
is input to the waveform generator via terminal 217. 

20 

The video data is provided, for example, in a 
conventional CCIR 656 format and is coupled to a 
multiplexer 254. The multiplexer also receives a 
gating signal from an insertion window generator 
25 248 , which enables the multiplexer to output VBI 

data during a time window that is, for example, 704 
pixels in length. 
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In order to insert the VBI data into the video 
at the proper location, a line count of the video 
data is maintained and compared to the desired line 
of insertion. This function is provided by a line 
5 detector 244 and line time generator 246 which 

receives the current line information from the video 
data via terminal 217. The line time generator 246 
is enabled by line detector 244 when the line into 
which VBI data is to be inserted is detected by the 
10 line detector. The line time generator then keeps 

track of the pixels for that video line, and 
provides the video line pixel count to insertion 
window generator 24 8 in order to provide Che proper 
insertion window of, e.g., 704 active pixels. 

15. Upon the arrival of a zero datum of the correct 

line, the line time generator 246 also signals a 
start time detector (counter) 214 which commences a 
down count for the start pixel time dictated by the 
starts sample information obtained from the syntax. 

20 The start pixel down counter 214 enables a symbol 

clock generator 210 which, in turn, clears a symbol 
counter 212. 

The symbol clock generator 210 receives the 
nrz_modulus and nrz_increment from the syntax. Once 
25 the symbol clock generator is started in response to 

detector 214, the symbol time is derived by 
incrementing a counter by the numerator of the 
fraction symbol time over pixel time. The modulus 
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of the counter is the denominator of the fraction. 
If desired, the numerator and denominator may be 
multiplied by a constant to simplify the hardware 
implementation . 

The symbol clock generator 210 outputs a symbol 
clock to the FIFO. enable for clocking the VBI data 
out from the FIFO 202. It also provides the 
fraction of symbol time that a current sample 
represents to a transition time scaling circuit 216, 
described below. The symbol clock runs until the 
symbol counter 212 counts the number of symbols 
specified by the word_count and remainder_count from 
the syntax, at which time a stop signal is 
generated. The stop signal also clears the shift 
register 206 in the VBI data path. 

The VBI data shifted through register 2 06 is 
monitored by a transition sign detection circuit 
208. The presence or absence of a transition is 
detected by comparing the previous transmitted 
symbol with the current symbol to be transmitted. 
If they are the same, the same value is generated 
and transmitted. If there is a difference between 
the two symbols, then transition generator 218, 
which may comprise, for example, read only memory 
(ROM) or random access memory (RAM) is selected. 

The transition generator stores data for 
generating multiple ramps, one for each transition 
type that is supported. The ramps represent the 
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transitions for the VBI data pulses for the 
different VBI standards. The particular ramp 
selected for the current VBI data is determined by 
the transition type specified by the pulse„value of 
5 the syntax and input to the transition generator 218 

via terminal 205. The beginning and end of the 
transition are dictated by the addresses input to 
the transition generator from the transition time 
scaling circuit 216, which scales the fraction of 

10 symbol time in accordance with the symbcl to 

transition duration ranio from terminal 213 and the 
nrz_modulus from terminal 209. The scaled fraction 
of the symbol time represents the position of the 
sample in time within the rise time of the VBI data 

15 pulse. The transition process is repeated until 

detection circuit 220 determines that the address 
exceeds the range of the transition generator RCM or 
RAM, at which time the symbol has reached 100 
percent of its final value. An output multiplexer 

20 (selector) 242 then selects the final value for the 

current and remainder of that symbol's pixels. 
Selection logic 222 controls the multiplexer 242 
based on the initial detection of a transition by 
transition detection circuit 224 and the completion 

25 of the transition as determined by circuit 220. 

A look up table (LUT) 236 (stored, e.g., in 
ROM) converts each bit of data output from shift 
register 206 into an eight-bit level that is 
ultimately scaled to the proper luminance level for 
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the particular type of user data being processed. 
For example, LUT 23 6 can convert a binary "0" into 
the eight-bit word 00001111 and a binary "l" into 
the eight-bit word 1110000. This mapping is 
5 arbitrary, and any other desired eight-bit levels 

can be chosen for the binary "1" and "0" . The 
eight -bit level from the output of LUT 2 36 is 
orovided to multiplexer 242 which selects this level 
for output unless a transition is in progress as. 

10 indicated by select logic 222, in which case the 

transition from transition generator 218 is output. 

The data stream output from multiplexer 242 is 
then scaled to the required output levels in 
response to the 0_amplitude and i_amplitude values 

15 delivered by the user data syntax via terminal 201. 

An output multiplexer 2 54 inserts the resultant VBI 
data on the video stream from terminal 217, for the 
insertion window provided by generator 248. The 
insertion window corresponds to the active video 

2 0 duration. 

Multiple VBI services can be inserted with the 
generator of Figure 3. Additional circuitry is 
necessary to load the variables required to run the 
generator or. a line-by -lins basis. The data is cued 
25 up in a common FIFO. In the implementation shown, 

all clocks are running at 13,5 MHz , unless otherwise 
indicated. This is one-half the rate of the 
standard MPEG, ATSC and DigiCipher system clock. 

Data complying with EBU 3217 has the property 
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that the transition time is slightly longer than the 
symbol time. This can be overcome by selecting a 
translation that has a slower ten percent to ninety 
percent time relative to the entire transition. The 
5 specified filter for wave shaping EBU 3217 data is 

Gaussian transitional. A windowed Gaussian 
transition may provide better performance than sine 
squared . 

Teletext services can be supported in a similar 
10 manner as disclosed for the VBI services discussed 

in connection with Figure 3. To support teletext, 
the waveform generator must handle an impulse 
response which, as noted above, is greater than one 
symbol. An example implementation of such a VBI 
15-. waveform generator is illustrated in Figure 4. 

The VBI Data FIFO 310, shift register 312, 
symbol counter 316, symbol clock generator 320, 
start time detect circuit 322 , scale and offset 
circuit 306, multiplexer (selector) 308, insertion 

20 window generator 332, line detect circuit 330 and 

line time generator 328 of Figure 4 are equivalent 
to the similarly named elements in Figure 3. In 
order to handle multisymbol impulse responses of the 
teletext services, which can range from 1.89 to 2.36 

25 samples per symbol at 13.5 MHz sampling, a transmit 

(Tx) filter ROM 302 and interpolation filter 314 are 
provided. It should be appreciated that the filter 
302 can also be implemented in RAM if desired, 
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particularly if the impulse response of the desired 

format is to be downloaded instead of being stored 

locally in ROM * Any such download will be at a 

fixed number of samples per symbol rate. The 

5 interpolator is used to generate the 13.5 MHz rate 

pixels. The rate difference is the increment of the 
interpolator. 

The data to be inserted is queued up in FIFO 
310 via terminal 303. The data is inserted into the 

10 VBI by playing back the symbols through the pixel 

generator. The pixel generator is provided with the 
start time of the first symbol pixel via terminal 
315, the number of pixels per symbol 
(increment /modulus) via terminals 311 and 309, the 

15 high and low levels (0_amplitude and l_amplitude) to 

insert via terminal 3 00, the impulse response of the 
signaling system (transition type) via terminal 301, 
the number of symbols to insert via terminal 307, 
and the frame and line number on which to insert the 

20 data via terminal 305. 

The video data input to terminal 317 is 
provided in CCIR 65 6 format. The line count is 
derived and compared to the desired line of 
insertion in circuits 330, 328 and 322. Upon the 
25 arrival of the correct line's zero datum, a down 

count for the start pixel time is started in circuit 
322, which enables the symbol rate clock generator 
320 at the appropriate time. The 704 pixel window 
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generator 33 2 is enabled by the line time generator 
328 . 

As in the waveform generator of Figure 3, 
symbol time is derived by incrementing a counter by 
5 the numerator of the fraction "symbol time/pixel 

time", where the increment "INCR" is the numerator 
and the modulus of the counter is the denominator of 
the fraction. In addition to receiving the modulus 
and increment via terminals 309 and 311, 
10 respectively, the symbol clock generator 320 

receives the system clock (e.g., 27 MHz) via 
terminal 313. By running the symbol clock generator 
at, e.g., 27 MHz rather than 13.5 MHz , a twice 
symbol rate clock is generated. 

15 • The enable input of FIFO 310 receives the 

symbol clock from a divider 318, which divides the 
output of clock generator 320 by two. This is 
necessary because the symbol clock generator 
provides a clock at twice the symbol rate. Once the 

2 0 specified number of symbols has been output from the 

FIFO, the symbol clock is disabled for the current 
television line. All subsequent data symbols are 
forced to the low (zero) state. These symbols are 
not data, but rather fill the balance of the 704 

25 pixel window with low state data. 

The transmit filter ROM 302 generates two 
samples per symbol. The transmit shift register is 
loaded with transmit symbols at the symbol rate, 
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when start time has arrived. The register is 
initialized to a low state on completion of each 
insertion. The transmit data for the duration of 
the impulse response is applied to the transmit RCM 
5 from shift register 312. The ROM stores a look up 

table of finite impulse responses (FIR) , computed in 
advance in accordance with well known techniques . 
By storing the results of the FIR calculation ir. the 
ROM , it is not necessary to store the FIR 
10 coefficients to calculate the results. The 

appropriate FIR for the particular transition to be 
provided in the VBI waveform is output from the LCT 
when the ROM is addressed by the transition type via 
terminal 301 . 

15 The output of the transmit filter is provided 

to an interpolating filter 314 via register 304. 
The interpolation filter converts the 2 sample per 
symbol rate data to 13.5 MHz samples. An example of 
an appropriate interpolation filter is described by 

20 the following FIR coefficients: 

A 0 - ap 2 - or/z 
A 1 = -glim 1 + (a-t-D/i 

A 3 = -CL\X 2 + (Qt-X)\l + 1 

A 3 = ayi 2 - a/i 

25 a is defined to be 0 . 5 . pi is the time for the 

sample to be interpolated. The frequency response 
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10 



400 of this interpolator (Paralntr) and the transmit 
impulse responses 402, 404, 406 and 408 for the 
various teletext standards, as well as for the 
VideoCipher standard proprietary to the original 
assignee of the present invention, are illustrated 
in Figure 5. It can be seen that the interpolator 
clearly influences the transmitted frequency 
response. This frequency response error can be 
corrected (predistorted) in the transmit filter 302 
to minimize its impact. It is a requirement that 
the transmit spectrum, and its images be well 
controlled prior to interpolation. This is the case 
for the described data signal types. If the pixel 
rate per symbol is less than about 3 samples per 
15 symbol, a greater number of samples per symbol would 

be required. 

The data supplied to the interpolator 314 is at 
twice symbol rate. The actual transfers of data 
occur coincident with the 27 MHz tick. The 
20 interpolator output is read at 13.5 MH2 . 

The time interpolation variable is supplied to the 
filter at the 13.5 MHz rate. A time generator 324 
and scaling circuit 326 allow the numerical 
representation of \i to be consistent with the 
25 numerical system of the filter hardware, and 

independent of the current modulus value. 

The data stream has to be scaled to the 
required output levels. This can be accomplished, 
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for example, with one multiply and addition per 
pixel provided by the scale and offset circuit 306. 
The output multiplexer 308 inserts the VBI data from 
the scale and offset circuit 306 on the CCIR video 
5 stream from terminal 317, for the 704 pixel window. 

There are various alternate ways to implement 
the functions provided by the waveform generator 
circuits of Figures 3 and 4, and the specific 
embodiments illustrated are by no means meant to be 

10 limiting. For example, the scaling and offset can 

be done earlier in the process than illustrated. In 
the embodiment of Figure 4, any of a variety of 
known interpolators can be used. Moreover, in the 
multisymbol embodiment, lower data rates can be 

15 . supported by having impulse responses with more 
samples per symbol. All of the current teletext 
standards are supported by two samples per symbol . 

Additionally, M-level multilevel pulse 
amplitude modulation (PAM) can be supported using 
20 the waveform generator of Figure 4. In such 

implementations, there would be log base 2 of M bits 
per symbol, rather than one supplied to the transmit 
filter ROM. 

It should now be appreciated that the present 
25 invention provides a method and apparatus for 

communicating user information in a digital 
television data stream. The user information is a 
type that is conventionally carried as NRZ data in 
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the vertical blanking interval of an analog 
television signal. The user data is transported in 
a user data syntax, which has been supplemented with 
various fields . These include an additional data 
type field, a luma NRZ count and priority, field 
number, line offset, start sample, NRZ increment and 
modulus, amplitude values, pulse shape information, 
and word and remainder count information relating to 
the user data which is carried in the form of luma 
words and luma NRZ bits. 

Although the invention has been described in 
connection with a preferred embodiment, it should be 
appreciated that various adaptations and 
modifications may be made thereto without departing 
from the spirit and scope of the invention as set 
forth in the claims. 
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4.Brief Descriprion of Drawings 



Figure Lisa block diagram af a digital video 
encoder that incorporates the present invention; 

Figure 2 is a block: diagram of a video 
5 decompression processor incorporating -he present 

invention,- 

Figure 3 is a block diagram of a firsz 
embodiment of a pixel generator for generating a 
digital VBI waveform from user data carried in a 
10 digital video data stream in accordance with the 

present invention; 

Figure ^ is a block diagram of a second 
embodiment of a pixel generator for generating a 
digital VBI wa^ r 'efortTl from user data carried in a 
IS'-- digital video data stream when the impulse response 
time of the VBI transmission standard is greater 
than one symbol time; and 

Figure 5 is a graph illustrating the frequency 
response of the interpolator cf Figure 4 . 
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1 .Abstract 



A method and apparatus are provided for 
communicating VBI user information in digital 
television data streams via a generic syntax. The 
5 syntax allows the digital transport of virtually any 

type of user data that may be carried in the VBI 
portion of an analog television signal. A pixel 
generator is used to insert VBI lines into a digital 
video signal using information provided in the user 

LC portion of the digital data stream. The syntax 

provides the pixel generator with the start tine of 
the first symbol, the number of pixels per symbol, 
the high and low levels :c insert, the fraction of 
the symbol time that is transition time, the number 

15, of symbols to insert and the frame line number on 
which to insert the data. 



2.Representative Drawing 
None 
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[IS*JI4 3 mm l #»4> 3 «ov v«x0»l=!Etta>3ra-c 

£W«j£;*ftl>MfE# r E-t£ -f b'fi-f-rtT'Hul^^NR 

>ux&wm%m?.3-—-*fT-7i/yi? ■•/ 9Mzmn-tz> 

1Mb, mt^^^M. 
mm 5 ] if m 1 *^ 4 <7)^-rix*HclEtg<?)^rffiT' 
£>-?T . ? ^CMIETi'':?^l'fcT r -?X b "J-A*» 

1 *r—9tm ASft*.^ fl/ 1'7 4 b Srt^rf & 
7 -f M EJ-— 7*-r — 9=/>9'/9X i,z iEflu 

vNRZ^jfctt Sr^IS-T £ i k , jWW* 

&;x— 9-'ffi$ssrai^k z\h<7>mim. 1 sow?*^ 

< H*JlE^-7NRZti)xKf!|sc0gC$r^-t SyUVNRZ* »7 ^ Nffl 



^HufEi— ?*f-9i'V9 v9xl,zm.m-?&JLMt , £ 
•i-tfkCl^O^. 

[ is^jb 7 ] i 6 cov ^-rix*H;i mco-ftmz 

fo~>X. $ ^> vNRZr - ^A'KltS: Wfct Z> r 
— ^ ^ 7° 7 -f — 71^ K SrfTffi 9*t - 9 ~> y 9 >•/ 9 X 
tcilTin-rSXgk, Sr-&-tfki^<0^}£. 

[It*ii8 ] m%m3frt>7<7)^i'tiMznimcoJr&X' 
h-yx, ^ ^zmti)^miii^cr > m2W^v^>vim 

im%m9 ] mme^hQ^irixMzim^ijmx' 

h-oX, $ h (cftrfET' if 9 firr V t'r*- 9 XV *)—J*fy 

SrtulE^— r^-^^-y^Xfcjtfln-f&xek. £ 
-^■Ok^-?>c077ft. 

[ff*js i o 3 nr&s i 9<7>\^-ttifriz%mco-ftm 

X'fo -> X , wJbZ9 4 5 yy 'J7rV VXfll^/UVNRZIE 
•^•^ n >/ ^ Ji^-«RtX;W-7NRZi^rfit^ fe^; 0 , Ki&f- 
^ o - y ^ ti^-at/^fffitifrlENRZlE-ff 5$JK&tX MIE 'J 

iSo>ffl/*e*tffi = lE^-a^/ 'J7rl/ i^X 9x3 y 9 
comffitzfoz, ta^oo-frfe. 

[ft^IIl 1 3 BUlE^^^bftJi, ^<;l^VNRZV-H 
NRZ"7 —Hi O^V^ff/L'VNRZb'-y bgcSr^i-^* 

<7 y h fig;4 k c h tfOif^JS l *^ l o n v 

Wlis-y? -yf^te, sS^^rNRZ 

[f«*lBl 2] HVlE/PVNRZV- H 22 f-y 

&MPEGBj|& 3 _ H ^ <'/< < #/p-eNRZ -7 - K Of£ K "e 
-*-h'7h?;ffAtl.m, «r*tfk£*<0^Ti£. 

[W#3B 1 3 3 if^JS 1K12 W^-ftLAHciaDJO^ 
&TS> o t . lylE^-— «f« fSfi^-^NRZ v- h'&i>';i^N 
RZh' y h k LXmZ3-- J fy : -9^y9 7?^(:ftot 
illfft, ^VNRZV-b'fi, £*>^*{C^K^fLl)J: 

d^rb'7*Ji-5^ y±T"B««$^4 /> *.^mi^-7NRZ|E 
ff-tcMJE-r'&^l t*>y hSrWt"4;UVNRZE#^tAfc*» 
^> *) , #;U-7NRZ b* y b {4 BUlEb'f^- 5 ^ y±T'S11l 
BS;$ix4^#^vNRZlE-^2r*L., MIE^vNRZb' y b 
(4 , $> cogMVls VNRZV- b' *^S«I^S ft § IE 

y±.xmffi&2ti&'<%)mx'- ! §-x.tit> . tz*><v 
mm 1 4 3 ii*JS i*f>i3 w vfftMctEmoTf 

ai'lnt. WENKt*— ^**IWEVBljftJB(7)«K </U 
v ) fflftft X'Ml£tiZ> , k Z*><7)Um. 
Itt&PXl 5 3 ^r7-a^7-Pb'm^co^li:^^'* 
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X -f - * £»t & b z\ h cDgmZ'*) -y X . 

(\)mi3-- j f?—5 , i'y j ? •/ ^ ^zvtr>xm\axhm 
mztkiti-fhtztbcoi/y? 7^x7D-t 7tt*-5t, 
is+f$S(± . (a) ®i£(D3--*fmmtftim^&'r u tre# 
fyX'Mliiihtz^co^-^miyu-M.'y^ yizfflL 

-thfV bWONRZf mj&m. kris? )Vf U b'x- 9 

-1— <fW^«0i$r^-r€.^3ffii:, (d)milE^-— !fffi 

(2) mria^-— TffilfiSrVBI NRZf'-^'v? *-v-y h-f & 

(3) MfEf-'^^l-f l^b*7-'-?x b 1>-A#>£>ffl«)££ 
ftifl' t'ff-^|*)^15l£VBI NRZ7 1 '-? SrWA-T^itft 

-!|-|*JT'Sfl 1 NRZ|E-9^)3*Bf36*H§J»S/tS^* 

tf AH(i mieNRz^- * & mmm&L zti&TU tm^ 

mlti/V? 'v ? ^/Dt7t(i, buIBS 

Hr-y»m, BUlBVBI NRZr— ^*«riE*«T , #i*^< 

gft'^ot, iMBi'^y^xro-feyim, h5IBB 
«J«§ixl)7 i U'b'fI-^rtT'BillBNRZfB^(C^LT-^^ 4 

BUieSffiJfcTO-fc-y^y;, MIBVBI NRZ-r- ? tCffiffiX 

)v^mm:H-^h^<m^vvxBwmz^m-th , t 
mmx-h^x, mm^y^y^^ru^y^-n, wm-t 

h VBI 9 itm EW «J£ $ a * f - bWl*l 

«m u . ffiavBi mxmt mm$m- & vbi t--- ? & a 
mwx'hix, mBisy?'y7z.7°u*:>ywz, «yis 



[ft*Jl2 1 3 IM^f 1 5^6 2 0<OVv«Xj&»teiB«<9 
^M-C'feo-C, MlBvy^v^xro-t-y^i, ffiiEr 

[ff*J12 2 3 il^ 1 7*»6 2 1 OV^fLAHCfBm^ 
^ST'fc-?-C, MIB>->^-y^X7"o-lr-y-9-(i, HirlBS 
fil)S$ni»7 i ^b-fi-^|*)-CNRZIB^TliX?)^# k £ ^> 
OSB2iS«*«^-*SB2«Mifl*ttaJL. H-rlfilffiSSjS 
rot7tli, MIBVB1 NRZr r -^SrH(rfBmiai/^2 

jRiBT'^-i -s^< . mmm i at>*^ 2 ffiHffl^jE¥-r 
mim2 3 3 m$is 1 2 2co^-rix*HciBisc7) 

^ST'$)-5T , mi^y? y ?X7tit •ytMifTENRZ 

ae. 

[^BJOp*ffl=5rSJBJ3 
[000 13 

[ fgHJoJK-f S^W^S 3 ■QBBtmXfVfiV'r V b'fi 

mffinmm (vbi ) -csB* t>- &?4 7<7)tetA,t'(VT- 

&%tih<n'T-9<VMbLX, ?n-XH-^7^3 
> • t-'—^ (CO . filt-f K (VITC) , 

ftVTtUfJJ* ■ tr-r* ■ t-^ (fi^Rif , SE-^ 
-^vu^gifi-^-viTS) , tyr^h'ftf-^, itr 

■ K—i/v? ■ T^-r= J fXhtt«(NABTS), V— 
m-£(Em)r : -?RU : ——>l-*:y ■ ^—h^Jy- y H • 

^>->-p<>h • ryv ■ u y-f-y-ramDT-'-fZ: 

[00021 

- h t,zm-> x ft^> -o x a , "f^9)^fv b-^tf 
[00033 s.m^titziL''f^y i -9^mmi l zmm-t 
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- y h 1 1 1> izzmitztih . ; «*i£tfy 
wmmtfih o. t lt *g*&trisi£fi 

m-ft^tfcOll^miSO/IEC 13818-1 ^"Generic Cod 
ing of Moving Pictures and Associated Audio: Syste 
■"1994^11^130 »ft H.222.0{CBSfi3;tVtV*4. MPE 
G-2tr-r3i-fc*W4 t'f^yy? -y ^MX-b^T 

BfWMH«^lllRWIMSO/IEC 13818-2 ^"Generic 
Coding of Moving Pictures andAssociated Audio:Vid 
eo"1995^ »#H.262tCiE»SitTV^. 

IfclRi: LTffl»iitfl995^4^12Bai/9^15BtC*BS 
fUtT KAy* H • fl^t'i/' 3 ^ • j/AfAX • 3 5 -/ 
~f -f - (ATSC) -f ^' A"T U b'«2gA/53T'#> £ . f£ATSCg 
^Ti^/^rU-b'&ipfci. ISO/IEC MPEG-2fW^, 
^Ti/flV*- r 4 :*£EfB<AC-3)ai*&l/ISa/IEC MPEG-2 

[0005] ATSCSt/MPEG-2>-XT-A ( &t/#filtf>|«g 

KX'hh : Jx.^y)V ■ 4>z.v)v*yy - a—xv—is 

a >OF/r^P^£®tK<7)DigiCipher IIv-X^A) 

—"fir—*. H^^-r(G0P)^.-y^, frtafltpL— if 
-r- * , fflifl^ -y ^=5: < J: o $rff*l«fi6*tf!-> T 

a, zcDffimufcy-Rismm^&m. rx^htt, y 

x-?*^ts. T-'a-yx'&m-t&fctbnWmm?-? 
*^-i.^J--if-r-^J£5Si> 4fcfl&*)k*W+fc:*4;h. 
. DigiCipher^iM^T'o -y ^^»»^S:^tf 

ffl, &trt>igiCi P her II<g^*gS8'J'^4fc«>fc:, DigiCip 
her 1 mmiZis—>-yX^ -y ^iOftfclftJnWSrJt-— Tr 

[0006] MPEG-2&t>'Digi Cipher Ui/y9 y-?X<r) 

i&m&Z^tsmi7~' < xrw imn^-iryxtmR 
x/j-— *f?-?i,z7iwz.x5-z.hixh. m<wmft<ry@&L 

mmtmRi/mmmzim^fMzm^t 

•I., s'-^yxf'f X7°W&3fi<OJ:-3 3r£4 £"4&i£; 



514 fcttJL— f ^-9 tis/-*- yxtmco&X'fo «j tgo 
immcomzte, mtm*tit>tmiizti& t 

m<fflELW>Zb jW0 £>*TC V ^ . MPEGJii* t>tih^ 

mz^^xsmztLZ. 

[0007] m'mcommmsiz&^x , ?n-x f • * 

t/yayX, VITS, ffljB&U At'f^, fWf 

=*f x K &t>"AM0Lv-'- 9 hXo fc»flij«0 @ Stye:** 

tRM^isms (vbi ) u^pHx-Mim , z z x-imi jl— y w 

[0008] 

^■XW&nWmztt LXftftiz® LX v ^ IKT'JiS: 

[0009] VBI«»oW«l4»iiii:Jt«LT^«t=S 
*4 . 7044 fcti720«ra«ttat/ft*8HS*<O84 fcttl 
Ob*-x h-9-V7VWSriM€»J:a^^, CltL^co^-f y(,z 

nLxEmt^s,-tht^mm^zm±-th. mt 

tf . 8b'-y h»^JS&tA'30HzT'W720H<O«S^SV'fe^ 
fi{i345,600bps&gil<-ri>^*, <Iix^c05-f yti^T 

iltfiLiflHWi "?u-xk • df+rj/ 3 yx" <50*§^- 

480bps2r^L, "OCT* <J# ■ ^—i/y? ■ -fUr^ 
hi±W cOJ©-^6720b P sS-*-r(O^T'&4. -r'^^^b' 
r^^co^lf^'jffitftoii, VBItf-b'XWifJE&l/lf 

fs*««ffls fix h , TiS9tw-T*4ftmxiimmk t 

^ojl— ip-r-* i^y^ -y ^x^rz-tvyx ^ 7(,ztt 
!,ZttlX%))MkmX'n2&%T;l>drV XJ±, \s>9*>9XBl 

[0010] -9-i4>n^i«aiTjSlffl3<i4«:«affl$n 
*v 4 y 4 =5: ^ rcOVBI fciRS-f 4 ri'* 

9)V^V^-9\zn^h-mm:W-&.^y9 -y?XR 
V^-iyy- 4 -7ZH-z.hZbtfi-%mXfoZ>. ^cr>Xots: 

i?mm\^-^mmnw&izmLxm^&z5-z- s t 

[0011] 

nm-mmz) t Lxmsmiitix^t^^y'^—fm 
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^BSrf-'^^-rUh'-r-^x h y —AftX'M&fcibcO'Jj 
mt^thixh. Zcr>ffl7jk<7)BW<7)X:ib<iZ, "NRZ-f— 
9 " (vmim . vyfi^ -flF-sHk-r- 9 o X 0 &nr 
Zr : —?tLT3kZix&1&icDiPJy°(r>T : —?&-&tsi>V) 
Xh&. f=J9)VrV^f-9^. h y— <fr- 
*v-y?-y?x£ *tr*9^tcft ->tf-?i & . 
-eo«kd«MK>*tt. ®JRB=5r<MPEG-2, ATSC»tfl)igiCiph 
er IlT^/l-fUt1WI**tf. M^tC^oT. ft 
3fcO jl— fx- * ^ V 9 -y 9 X Mi , i-lffflfflfeWmz 
"T — ^ fc tTT^Oi/TU-b' H^rtTjltf 4: £ ^O 
<-XVBI7l^— A54 y£*tLT, Vtotli^f 
x^b*^y£#5£t-4^y^tta < Bfl[l£ft.4. * 
jl— t-'- ? ^ y 9 v ? X t tt , NRZ-7*— 9 

fy^i-f v e-r — ? x 1- y — ao y 7 r u- y x ? 

v/7t OP B lOWfi££ 4^3r< t i>—m? 4 5 

is>9 ^xtli, i fV9tV s r^ : f—97s b y-Af*i 
T'Mtfti&J-— rmmcr>&Z^-t'J?Zc< t t> — ocr> 

[0 0 12] Sfefcia.— ¥ 1 r—9i'>9v9X£.\± } m!k 

■yyy'ivm-tfmuzixh. m.mbyyyfcmii, ft*no 

MfSLOV? ( 1 uma) ) NRZf ^I^*«fy ? ;kr ^ t' 

•T-9X b y— ^&??ttJfc;&;f^4»JC?■4x^E'ti*l■ 
[00 13] £t>lz, a.--ff-9^y9v9^Z\,i., 
J rtS9A^rlsVT-9X b U-^£B«j£$*U>**JG 

[00 14] JL-i>-"v-'-^^>-^ yi?x^{i, 

?t, jl— if-f-^y^-y^xKii, *fj&*-4VBi-r- 
9tf?i?9tU J rl'\Z J ?'-9X b O-Afr^nffitftZtLZ 

*tJ&r £ t- u fft^rt c» A $ ti 4 * # t ; 6 of u f 

7 * -/l- H 2r^-T 7 >r H #^'iEaa $ ft 4 . 
[00 1 5] WJ&.Ifcfc, JL— »Tf— ^y? y ?X 

liiBRw^NRZffljsfls £#@a-r 4 - 1 a^rffi-ca 4 . 

Wets we , jl— »f -f- 9 is y 9 -v 9 X CJi/l^ -?NRZ# 
^y h<I#igJn$ii. **Ui*<o«fc:a<;i'VNRZ«« 

«c<0»*jj^-ttf5-C*4. -a-— ?-T—9i'>9'y 
9X\Z\±, fr-ZMZT— 9&M<Z\t$: h -r - ^ 
^ TO? -f K^'iitH^ ttS Z 1 1> T# 4 . 
[00 16] JL-- ifx-^^y^-y^XtCfS, y^NRZ 
le-vO 2fg 0«ji|@ ^-T^ 2 Jgitafl^'ilJD § tl 



WcOftjWBSrffi^-* fcAC. -y 9APUZl&cM 

[00 17] ±ISL^J;dtc, i-ff-^^y^7^ 
xicti^-f s.yyvyri'yxmtffenztih. cioii 
ti^vNRzie^-^ o -y 9 mftmLX/iv^mwitt l>$l 

h . iS-^-^ a -y ^iM^atriftWffltt . OTO i 0 tcNRZ 
[00 18] 

[»1 ] 

Web V y h ffiteMK ;t-VNRZ<7- K WffiRflHBc*^'7 
-K^f^yh ai>'ig< ^^r/l^vNRZy - K J: 9 d^flr^ 

;P-?NRZt"-y Mg^^^-r^^^yhA^ES, 

>- y 9 y ^ x (i^^rNRZ v - f* J: 9 £'$r i^JSsfe * ilfl 

BTfig^-r-i. i t izx-iTttWi&n^f&immz i>K k-r. 

MPEG-2^^(iATSCHffc0J: d^^cOHSfe01J^feV*T . 

/l^VNRZV- F{i-?-iim*$22t' y htJ) 0 , 

{i? <s> (CfSMPEGffli&3 - H «r <'^< ^VNRZV - h' 

[0019] JL— TtSfSJi^^NRZy- KSt/;UvNRZh' 
•y hfc Lta- fir— 9^9-? 9 ^z^XM\iiX 

Ex* 9 4 y±t-lf«fiSi^^4^.#^ 1 ;^NRZfE^ 

4. #;^NRZb'-y hUb*7 f 3i-5^>'±K:llfllflE$*i4 

^#^VNRZ!E-!f ||[;^NRZb*-y 

^m.^tihXd\,z, ;UvNRZV-b'*>A>Hmfi)cSn.4 

e^tett^r -en 6 of e^'b'r * 5 4 y±.tzmm& 
[0020] f^ri-a^u^m^mesmm^si 

mnmftX'mif—9 1 LXM\ftitz9 4 7<oa-ff 

, T i -J9)U'ri't"7-'-9A b 'j -j^frhm.-sitth 

fcMzUis-^mWtf-S-t hixh . f^^fUff- 
^ x h V - At±3.— f-r- ^i^y^-y^X?: ^tf*9*fc 
t-)tf-^ef2tl.. v>-^-y^X7 0 O-fe-y9-«iJL 
~r j 7-9is>9 ■y9^l / ZVt^XMiItlfzWmimX-t 

b'fi-^-p«qT'a«i'n4 i: Jl^cO^-XVBI 7 b-A 5 A 

•T4liS10fiI£-&tf. ®20ffi(i, MJtE^fl^b'fi^ 
ONRZIB-f-^jgi: fV7;l'fl'tT-^ U 7 r P yx? 
o -y ^ fc<0ia<^l!Mli*aWW4 . S^flHfflifWP-f 

u\zT-9*b v-j>ftX'Mi£tL&3-—rffim<7>m,$:ijk 
-t. &ti3-—?T-9 =sy9 -y ^ ^ k« o -c a <ut ffl 

•fe y-y-JS. Sti— TttfSSrVBI NRZx-^^7^— V-/ 
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b* fi-f-rt^VBi NRZr- 9 A^& £tocDVBi#Al&# { 

V tTJSBfc: J: o T ISSffittSft.* fcttH£$ivC 

[0021] ia^§^X3tHJfeW-t3V^T . i/V9 >v9X 
rnt -y-9-ti, m 1 NRZiB^OS##f?«iJ&£ixfcT- 

i&TryT>vm*m\£-?Z>« VBltfAWliNRZ-r-^SrWK 

ICJE^-T-I.. i/)'^7^7D*9lrtl, NRZIB^'l? 

ifa«c J; -5 itfefeB-CVBl NRZ-r-* &5-t & tz 
[0022] H^S^HWJO^y^ -y ^^7D-fe -y 

BS««rn* -y fifcv WXJ&RSrVBI NRZr 

— * htiibliZJVl'Xf&Rtt.liZj&S'th . 
[0 0 2 3] ?^>(:yy^7?xro^7t(i, ttJfrt 
& VBI tt^x U AS ft* 

#!!iJ-fS. VBiffAWittJW-iVBlr-iJ'fcjiSfc?* 

— ^ h rt^jfA-r h fcft<o 7 * wes?^- & . 
mm^<rm.^^miij^yvm:m^h. wm^y 

[0 0 24] v-y? >y ^XTO-t-yftiT 1 ^^ 

yl^ 1^ b'-r— ? X h'J - A |*] iCNRZ-f- 9 £ WMt h tz 

•I i: J: o TthK — M^Uf-^^-^ T£$S#i-e * £ 
idle, rt'KjE^-i.&ft.S. 
[0 0 2 5] ^-y^ y^XTo-fe-y-ftCi&^ttiO^ 
tCl^2C0jg1@ia*^i.^^&„ Sg2ffiifgfl«i:, NRZlB-f- 

smtn**. *iaif»2««fitfDewii. "o" six 

" i " sz^iztt-t h mm^^v^pmt § z t xh & . 

-t<0 i a fcStftWfcii we , ff«rn-t vlNiflS 1 2ft. 
tf»2SircVBI mi7-9m-t^<mim/W,2 

m&mztim~$h . 

[00 2 6] ^y^>y^^rn-fe.y^ii4/SNRZfl|«ttt 

£E**-* i t **T"# J: o tefc 0 , ffl3'J<0r 

h^'T'^^rV^, giJO ST t>titzMft}mzm^xnffi 



*ut 5 y ZMMfct h tztbnmwmizm®? & . s 

[0027] 

i^mcommcommi *wdu±. ^Ttny'fi/ti 

cotf^^^jM-r&^lcx^'^^x^b'T-^x h u- 
tf$g(i, MPEG, ATSC^JtJiDigiCipherll^X MJ— A 

-i 7°<W74i '•/ h X"$> h . i £ T VBI «f tf mt OWf 
il^i(0-9-y-fe>y hi±, ?D-XK-^7y 3 yXf 
— tJ-yT^b'f'Jl-f— ^, NABTS, WST, EBU-f— 9 
Rr/zu-;^ymi^r—9<DX o ^Wf8*^fifeS . W® 
jl— if -f - 9<nz.tLt><r>i3'f-d'>)-<r>&>* Ztifz 

^*sieit*^7U'-A<oas4j-rt-t^at$<i&. #vbi 

•9 4 yJi^Bmcfe d ^H^mrtC , 720ffl<7) 8 h* y h M 

m. j fyy°tuRW2omcr>8 b' -y hfe^-fyr/Kc X -> 
xmztih. 

[0028] rafc^^iwifflfsvBiawBa* 

f^ffi^oflWEa^i-CSlBI* ix^^Hf o1W» (NRZ) 
7-9 1 LXi$kZtLm&t^?mMfrt*>k&titz. *<n 

is, K^w^i^onwafcstfsifc. b'^^^yrt 

[0030] ^BJ(±, xV^/UxUb'r-^x b 'J — 
ixrtT'^VBlr-^ilfi^^^y^ -y^X$: -5-^.4 

><7)7-f>-#^-, #^VBI^m2»t=<J:oTfiOT$ii 

mmm^cocciR-mm^yT'fi'^, m 
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jt) . nrz# "o" "i" ie#t=*«-*a(JWB(s<oc 

CIR-60HS. ffi2»*t&CO^rtcOl£#»iic, StfWJ&W 
BlyJ ycoi&Mftcom^coMcrX? J- )V+£ k'X'fo h . 1 
m^Z\m^i(OXd\,Z, "CCIR-601" \±¥i?9)Vl&&-3 
1 V^mfy 4 >V? 'J yflzffl LX , BB85 ^tfiB 

[00313*1 ll«tt<OVBI««lU|S<0^-«tt*SI 
*«;L/St<0"C*4. UXhSii/iaBWftlttt. 525 

y (NTSC&t/PAL/M) £ <i625 7 Ay (PAL/MjJtfkOPAL) f 

(C , # * ii by-"* 5 > 3fc 0 HSSftO-r- * f y h £ 



S> & 33I7 1 ? - >y ? «fc 0 9 b* -y b £ bW 
[0032] 







9 4 \ >7 • 
■J7T 




Y-9 


% 53 








cc 


523 


7iM VIM 




16 


NRZ 


0&70 
IRE 


32 fh 


tr=240nsec 


AMOLI 


523 


raja** h 


7kf<7 h 


41 


nrz 


5&53 


1 Mbpa 


tr=250nsec 


AMOLH 


525 


PUB** h 




88 


NRZ 


5&55 


2 Mbps 


to^=125nsec 


NABTS 


525 


raw** h 




272 


NRZ 


0&70 


364 fh 




WST 


525 




24^? h 


272 


NRZ 


0&66 


364 fh 


r;u7 r 


WST 


625 




24tf ? h 


336 


NRZ 


0&70 


444fh 


T)V7T 


vnc 


525 




man 

tfctfy h 


72 


NRZ 


0&570 


455/4 fb 


tr=200nscc 


vrrc 


625 






72 


NRZ 


0&550 
mV 


116 fl) 


tr=200nsec 


EBU3217 


625 




> 


120 tTv 
K240 


(Bi- 
phase) 


0&500 
mV2.5 
Mfeps 







fs i izidMlztitzm%z>mmMm$: itttfs ; i: tc 

[0033] l.EBU 3217CO/'NM/'NV^^SilfE^-^-^a6-r 
^tLT*$ixS*>, NRZ "0" R1Z "1" IB-^&^-T 
[0034] 2.^°^X^tt«{i, #fl/fW h&Jg 

au'^^i^T-^x hasBt=»LT-o«flE#i«aiiaiBja 

[00 3 5] 3.T r -^^<<^7-f ^rt*fcll7W- 

y Sr fdi£7)VBi 5 'f y ttita 3 i t * { *-f ijt* ■?> . 

[0036] 4.VITCO|5]^b' y h (if*- ^ b -y h t LX 

mmz^vyMzWoixh . 

[0037] 5.iS#S^ l 9OCCIR-601-9-yT^c0^(S-r 
^XWWi&lztfLXlWy r ? ?cr>mWX"foZ>. 
[0038] 6.IB^**>±A J D«aK«t 4Jt*i^ 



[0039] l.m&<D%mmffl,±2\<D7 r 9 9cr>msv 

[ o o 4 o ] 8. «1?j<59Ccir-601^ yr;K.cw LTOg?3< 
Zti&rfcBcofflt&y-yy'MZ, cciR-60i-9->-r;nfD^ 
Bu«27fiw9->-7Vt^*» ^> , yyyjmvco&cozbme)-? 

[004 1 ] ±M&fe%:ZM.$> t , mst&WfiTOTws- 
7*—? HfiTu yy^mX'htl^ . -f^X COZtldVB 

i wm zmffi&i-? & (Di,z^.-cr>^mwmti^^tin $> 

[0042] l.!»^VBl7-f y<F>7 4—)^%}^, 
2.«fje<0VBI5-f ><07-f y##. 

4. S^1S^cciR-60iWi^yr;p#^, 

5. amns<oA %±*« o u§ra < wmvmmik ) . 

6. NRZ "0" "1" E-f-t=Jtr*lUWBI«<OCCIR-60 
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[0043] ttz*%mtme)&« z&mm-hm. 
vmmmt. 03tfctckrrai»$*i&. worn* 

nffityco ffi (,z . #9ffiicr>mM%: isyf~v7z.tfx.ya- 
[0044]Illi, 4z<7)-r ^^t'v-'^-^S: 

n-y ££Tl^-lf'T— y 

";PV(luma)NRZ" ^UffcTft, -e^T'ti^&^-f TCO 
$ & §'£=5r»c7)VBI j.— ifWffi^r i?7>V=rV 

iffi : ?10$:mtXi'VT)l>Vi/-^12<\Xf)Ztl&. Mis 
l> TVl*- Vis— J VtAJj £ tut t— 9 2r M?'J 7 * -~? >y h 
•CSSBMM-*. a«MkStut>r-#li, tfcfccoftAixft 
J±5 L (FIFO) US^X ^j^jft-g) A-y 7rl4rt(:A77r? 
*l & . tW *—tf*16«iSBt7*- ?<7)i/y? -y ^XSr^'J 

^-f yi-21) \,znmth'T—?^%mf^tx.^-7v- 

? r rtf* i> Sfrr * t'f^irot -y -^22^ 
1*855,376,968-51-. 5,235,419^-, 5,091,782-^-^ 

[0045] VBIt LT^§tLl>^<^>*^^'f T<7) 

rsommmmz&t,f&&Tut'7 v—£.cr>y ^ —>v H2 

>-22rt^A$ttS. 7-^ >-22{iTy'T--f T'b'x 
3*94 yt-JjoT, 7-'3-^(iNTSCff-f-(C*tLT^^ V 
ZKDVVo 'Ofcv-i y23X'T ? -r 4 7 fc'r :*tf>«ui& 

IR^-T^^tc, VBIte^ yzmfthUzyJ y22*\ 

[0046] x^^^t'x^-A^ft^VBI^C-t-^ 
ft £> t - ? « . f7ykf71/ ? m&a* £ WUKRAM&i/fe 
^JgRAM^MTJ^-^-tf^V-yA • T?-feX ■ ;>< 'J (RAM) 



ayvfcfcfcSit*. i^RAM{i>-y^-y^xro^-y-9-24tc 
xrn-fe -y -WiVBl a— f tit$8£3l S ffi t , *SSi~ tf 

h u -Acom&ttftx'mmtimmmz&mzti 
hkbtc^yf^i^mfth. 
[0047] y y ^ xro-fe 7 i o <=><x 

& i/y? ••/ fMZ^v y?lF02mi,Z&1?Ztl. *tUi¥ 
y^/l/fUt'f-^X h V — ^<OMPEH£fcliDigiCipher 

a. ^ rFIF0ti^'Wl^v7 ^O^xy? -y ^XflMR*4 
i , y ^ U a" 7 9 30Ji t'f* * 3 - ^"26*^ itfc 

*T26li r *fflH7*n-fe •y«2^4><OBEilBf t** , W 
itf, flP^H(CW). ^IS^(CL), JSlWfflP^flHBSMW'J 
-T^f-'-^ ^^"S:^ h^v^yw^^^TWfi&n 
■ft&X^&ftfrh. VN'W^7^30*^£7)ai7]7-'-^X 

«^*^^ixS^-yytcJ: O^fiJ^tL^Ti?^^ yh'f' 

^ If 34^7-'- ^ £ i. t'r *f 77T 32rt t«# $ 
tl&. W^ '/^^^i^commX'h^X, ATSC, MP 
EG-2, ttlltmgi Cipher Il7-V^;l^T-l^fS2i<7)J; d 
^r^JMX h U -^tWHattfcfl! -5"C, 7-"- ^ & Wvk' *y 
■y h^ffl^ATi.. 

[0048] i/y?-v7X7<a-t-vy-24cr>mmiZ, *tl 

tf*m$t B n t watr * ir o ^t. atsck wecbbs 
^„ zcoxmicwmmifA<7)i<'y? Y7xx'fo'?x, n 

"ry^mmth-^mxhh. i/y?v?x<vmimz 
^yf vfxxvxyhZ'kts. minted y ? v ? 
iwyh(7)t'7 y^h-x., m3n\±isy-?v7^9 

■i T^mmth . ^ 7-<ibslbf (t'7hXM) yy 
b 7 t-A V ) aiA'uimsbf ( fiP^K LS^©7v 
t*7h7r-^h)t'fel.^77 v "jl— t'_-f- 
?() <...)" WfSI^yy^v^xxMyb*^ 

^ o " i %-mzmm-t ^ztx^y^-y^A^t'z^ 

tCOfVaiSit*. t'-y h«jt<7)^ft«(iil^ "if" 
ixJi^C^-r^-y^^y^-yx-XSr^t-l.. 

f-^t'7hXh'J-Ayy^7;x( »^IH5^-(i^ 
ATSC tf x- ^^y^-y^X^^L, -eiXJ3h«7)SS* 
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[0049] 

[^2 ] H«jl— ff~9^Vr^ 9Wik 
additional _data_type (ftflnW'T— ^4 7*) • • • 7 

8b'-y bSSfc ( (1:255) O^fflOffi) 

^l»^< 1 6it&T"0 lcOffiSr^TtS. 
[00 50] additional_data_length ( ftinffrr— ^ 
j|) • • • 7^-^Ktc&3ttaotox-?«j£o;NM b 
*Sr^-r«» 1 6 b"-y t*<0«HH!lLSaft ( (0:65535)0 

-9 94 7*<oa«<?Df«IPWT - * 3rv 
[00 5 1 ] 1 uma_nrz_count (ypVnrz^^y h ) • ■ 
■7 4->V Flzfc o ^vNRZfl|jRflc«0»*JB^^-4 5 b* 
•y NSiiC U0:31)OfSHOffi) -f^XO^O* 

o&mjsfoizmfccr)?-! vnx-y * —>v Ycom^miz^. 

[0052] luma_nrz_priority ( ^VnrzjS^cJII ) • • 

fflcomx-fo h . >\s-?mzffif$.mztt LX. m^y-f-fu 

[ 0 0 5 3 ] field.number ( 3M-/L-K#-5|-) ■ • - ^ 
3 Cg&ftlRCSlBJi $ it & VBI -r - * #£f$; § ti h t Z h 

[00 54] 
[*3] 



fill 


^ ft* 


00 


m it 


01 


351 T-f77L/^7^~/l'F 


10 


SIS 2 x-f 37 < H 


11 





line.offset ( -y h) • • • CCIRl^— h6 

2A-Al l Z'ftfe1$tl&&otc, <-XVBI 7 A^-f > (5 
25-7 4 y {NTSCS^PAL/M} 7 * -)VY\cr>^4 >9, 525- 
4— ;PK2c07-f >-272, 625-7-f > {PAL/M£Bfc 
£-f^TPAU 7 4 —)VY\<T)^4 V^mfttS-V* V 7 4 
-;kh'205-f >318) tCHgLT^VNRZx— ^36*^K$ 

ifc ((l:31)0®BOflt) 
[0055] start.sample ( PS^V-^VP) • • • fi*JJ 



Wl ((0:5ii)o^Boffi) PB^yr;mcciR6 

Ol-y-yy-fUtm— <7)#<at'* 0 . CCIR601lP?tfiJc;7 

[0056] nrz.increment (nrzJtfr) - ■ • )U~?MZ 
ffi#^o.y^«MHtS*U. ££nrz$e*fffifcfcUc/U 
•^NRZIB-^^ D -y ^ fc 27MHz U7rl/y^t aHffi£RHJ! 

■t%>m*tz>6\z-v hcon^mLmm ((1:633015110 

[0057] nrzjnodulus (nrz^^Hl) • ■ ■ ^VNRZ 

RZie-^-^ a y 9 1 27MHz 'J 7 rl/VXt OMf&£iftHJ1-f 
1 Ot'-y hO^teLStSc ((2:1023)OSEIH 
Offi) T*>&. =t$(C, nrztt#&l/nrz*ettffil;ivUVNRZ 

nrzi#^/nrz^ffl=;U-7NRZfa-^a^/>'X-f A ^ O 
-y ^^^UC 

ilt, ^XxA^O y^jgfe^ilSO/IEC 13818-1 lz 
fcV>T27MHz±30ppmi: L-XftfeZtl, nrzii^-Offiiinrz 

[ 0 0 5 8 ] O.amplitude { 0|&lf) • • • fflOO/UVN 
RZiB#a*CCIR 60lSti«7U— jUOigiHSrmffii: LtS 
t.I60ffi1i&^-r8b'-y hO^isL^iit 
((l:254)OSEHOffl) T'ftl.. 

[00 59] l_amplitude ( ■ ■ -ffllO^VN 

RZKWXIR 60Hfffi^c71^-AOigi|@$r#firk LTW 
1tJig$n^i:i^0^1iS:^-r8b*>y hO^^SLS®: 

((l:254]0»EHOit) 

[0060] pulse.shape (vnVUX^^) • ■ • ;UVNRZ 

ykW^^th^z^m^ix^JWxcomi 
K-t 2 b* -y h O^-f-iE L^I:T'$> . / W^JBtttf)*!* 

[006 1] 
[^4] 







00 




01 




10 




1 1 





symbo l_to_ trans i t i on.rat i o ( t^COM^Zfi^- h it ) 
* ■ ■ #IB^0ffiiHi:lffiil@T^SixS2- 4 (0.0625) 

ZfS^«#iaiaPB^Jt*^8b^y hff#^LB» ([1 

6:255]c7)|gg|^ffi) T**>So >f -)V Httl.O^^l 

5 . 9375^>«H^lB-^)a»C*«- i> it £^Tf & IE^*f S 

[0062] nrz_alpha (nrzT/l^^ r ) ■ * • ^CO^VU 
XfflJlifi2r 5 (0. 03125) ^#{2^^ S#/PvNRZfE-^S: 
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£W7 4— /l'F*Ji0.03125a>M.0<9T;U7Tffi£ 

[0063] 
[*53 



NRZ T)V7t 







00000 


1.0 


00001 


nrz 7 * 0.031 25 



word_count ( 7— Yfl^y Y ) ■ • • 7-*-t'7 
ItZCDy -r —)V F* CC^< /l^VnrzV— F^TOSfcSrTjrt 
5t'7 hO^ftlLSSSc ((0:31)cOiefflW«) 
[0064] luma_nrz_word Ot-VnrzV — F ) • • ■ M 

W=»S3*ufcb*-yMi. £*>4>*^^$ix&J:d& 

J: o=5r, iV?wm^<r> 2 2 1" y F X F U 

<*fi& J; o ta^^fjiy 4 yi-CBWdcSfi^Sli/FC 

[0065] remainder .count (yS&fi^y F ) • ■ • 
.TW7 4 — /UF'fc^<7Uvnrzb' -y F<73i5c£irrr 5 b'-y 
F«0fir*t*SUffiR ((0:21)cDlSHc9ffi) 
[0066] luma_nrz_bit ( /L-Vnrz b* -y F ) • ■ • b* 

— b'-y FT&&. ^Vnrzb' y F«, -frfrti^zmmZ 

^X, *tlt><VSS.WVT*54 >±lzMffif$.Ztl2>K 

[00 6 73 ±Mi~>y9-y9Ximi< l z5jkZti&yy9 

'y^^Tu^'v^-mzx^xm^xhtih. mmmm 

miza^X , Wcs-s? 7^X7n* -y-tf My r -A^x 

rrtT'llfl^fL?. . -y ^XA*r ^^/Ub'x^-f- 

^^sni. htitzm, < <7)73-yi l zMm-?& fz&bcom 

*>V ^ -y F -itZtlfr-O; <C$r -y ^ >f Hf34A» ft 7J $ *l 4 . 

[0 0 68] B2{i±feVBlJL— Tv-'— 9isy9v9Z. 
Sr^tfSftf J* F U -A fc4b<Db*-^3i-« 
JETa-fe-y-t?- (-r^*>, rn-^) c7)7"a y^E|T$> 
4. f£b'f-' ^^BETo-fe •y-9-(VDP)(i^->— yN'T'^U-b' 

* SfltaJW- -§> tf>(c#B$r b'f'^-T - * £ L 
#?3r?- £ ^ < DRAM1225- T YVXS'h^^. 'J^^-x-fl 
305rffl^j2.O. KTo-b-ylfl20(i:, m&.V4*?- (•$" 

wwarxflfi^tf^flHB) i^b-r^i-rc? 
■fe-y-y-co "¥Sr£t^»/ Y4y9-ys.4 X' tmftih 

4^1102rjffiU.TA^$ixl.EEi^b'-y FXF'J-AOb" 
^(77^ y7nt •y-fC£>6 . 



[0 06 9 3 M/^ayFn— 9150*»^flt4JL 

— tfro-b •y!E3i^-7x-<X*Sb'v f ^-7 r -^ro-fe v 
■9-<^>9!l»fflt=*F114fc:4-i4>*t6. :^^-7x 
-f *liJSffl«fBOTo-fe •y-»M20F*lT'£ * ^SrU-i-'X 

[0 0 70 3 DRAM122^<7M y9 — 7~ 3.4 XtfiTYVX 

7 4ym%.iST-?jjy\26imtx J §-z.e 3 ti&, m 

2lZ^£tltzmmmi l zi5\\X , DRAM122J3: 9 b* "/ h<VT 
F \sXtf- YRX/3 2 b'-y Ycr>y s -9#- F Sr^Tf l> . 
fl&Rtf, giiflCCIR 656<738b*y F. 2 7 Mzcr>%mM%L 
<Y)&tfft*K<Cr.Cb)«#fc LTtti7J$i7.&J&E£iT> 

i>fX1383&*-5-*.£>*l.S. 

[007 1 3 ftJfccOJTAG (y'Hyh-fAh-T^y 
af- ^-7°) 3yFa-7l60tC^LT, 4»1625r 
iitT-fX F-f y -9 — -7 3.4 XtfH-z_t>tmZ>. JTAG 
f±. rttfEIftJ: t iifc^- y^-^St/TK- K*«5W*Jg 
Sr^ttJ-r4^< ^-F'K^SC^ffl^ffl^nSSW 

[0072] b'f «JE7nt vWXHtSfff-mtmt 

X7uv7m^r%%m't&. w&isy?v?x'-s—n3 

A|*]^Six4^jMv^.y F*»4>^-T Sy^fflfgau'b' 
x^-tSIB5rllimT'^ 4 J: o lz, ti-mZtlh 9 4 5 

nm^Dy^^rl/y^ (PCR) %mm L , b'T^T 
v->-^ y 7Xy\'— T140^ «t -?T^ia}SiX4 94 J»X? 

v7°(dts) $rfg^-fb-r 4 . z cD®mmm.mmzik%. 
l. ^x^'^m^tm/m^mmizMLxm-'^ 

[0073] b'T^W^-te-X^'Jv:?— S^13(H;: 
X 0DRAM122rtt«fi)c$ix/iA7J^*-y 7 r <FIF0)|*Jfc:A 
•y 7 r $ tl h . b'x sj- ~>y9v9 XJt—Vim&X ^ U 
V^->->1302:iltTDRAM FIFO*»fettS*SiutE(lib* 

t*t-^*«sl. b'T-'^wfg^ieM-r-i,^*^^ 
152. mm^mm, RVMMfftzmsgmmnTri 

-fe y-»f 1561= J: o T^I^fll. . 
[0074] ^»K<.7 F;K^b'f-'jf7 U-A$rSfllSji)t 
•T h <73^B^:^fS-^-ft;3 fut b'r * 7 U - A $■ T F 

F;Uf'3— ^142(ib'7-'^v-^^ -y ^^.vn-- f *^^ff 

ztiti&m^? Fyus-fg-^-fbt. -en^^^jr fi^x 

-^ti. ^aitttwii46*^7 w-a/d -y 9 znm®. 
^hwz&m^mm^s-z. hzt ?» «t 5 tc , 

>&m%Ty#-yU-£. (-T^*>. -fVF77U-A 
(1)4 fett^ (P) 7 -A ) -r- 9 * ^ =E 'J V*- i>'-v 
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S. ^T3-^148(±MEtT"^-r-^Sr#^^>^< 
■f — * Si^ ^ U "7 ^> 1301:: X of DRAM122c7)3i 1 & 

n-yi48, ^7^yr3-^i52, aa^bas^at^i 

DCTlKtc J: -jtjffi Six* t'f^«JI7a*xti-M 

[0075] ^ 'J V*— ^>130ti:DRAMT H UXKZX 
^_?AX124, 126±«^TOT?T--r b'^f-f 
i/'jL-/l^PIL, S&HW^DRAM1222:THWX-f S. IS 
^t'J-7i-x>li, DRAM1220>A2)FIFOg|5fl\ t'x^ 

tHW»146Rt/«H { 3-ri48i: i: fctc) «f-^3 

®£#i-^-c— §c trv^ i *: *«ie*-& . b-wsft 

#>oVBlJ-— y-r— f'T7riii^l38^, 0 

[0076] DRAM122(±tt*.** U t l/C*§*VC^ 
4. S^t'JWiftiltf, DRAM122{ib'T7T« 

f$-f ^ # T'£> h . DRAMti: . J±S§ A:fi b'r^ b' >y h X 

&tf til* t* W< -/ 7 r Sr^-x. v •/ fy 

B*fc. x*W**-WW7r. VITSM'-y7r&tA'?o 
—X F ■ *r-vTis a yX^St^fXA* -y 7 r Sr-^X. h 
fctf>tC«JljS*l*. DRAM(± , ^* { PAL^NTSCbr'5f 
# 8*#J&»1 6*#b> F**'J»Jfeft». B71/-.A 
ifitF&t& **S*»fc <* f « JES (SC^fiSKira* * 
^ 'J -7 v y £-5- z- h*-< * * IJ 7 ^ 130l:: * "* 
■ClUBWHtSix* . 



[0077] JJELfcidtC, ,X*»;v*-a*vl30 

-^#aM^Sr-^tfDRAM>'^±c7)-r^Tc0T^r b'-r 

M*«0*>* "CS* $ *X * DRAMO VyUvis** £ff$" _ 
4. «2.tf. 2-?*^{i4o^DRAMO^il-fixcO|5]ttr 
* s |s]B^tC D 7 V -v is jl £ . 
[0078] ffilib'T*T-*£-£t^7--y Mtb'-y F 
x h tj-A^'b'-r^^ffira-b -y+M20cOffl^llO^.A^ 

M±-mzvk-Mmf8LZtih. muz. y**?*?—* 

<K%£. 7 V - AA^fl $ iX*»oDRAM122rt $ 

3j-. 7 p_A (DRAM122t=«#StLfc) tpt><rtfm?—9 
'vftiraStLJt t § ^7 V— i*coS<tfife$:^ t S-tirS . 
[0079] laBULhiav-V* -y ?Xl:ftotfy7/l' 

7D -y ^ HT* 6 . ftfl^x *W*UEI 2 ^t'fffi 
^[USS136cO-gl5T-$)0. «H=SB«*nfcAMDL. VIT 

C, EBU VBlti^tSffl^S*^^^^^-^^^ 1 ^ 
4 i 1 3&«T * * . i ix « VBI -9"- b'X O^- (i!5^ * 

g yX, AMOL, VITCa^EBU-»f-b'X(i. ii"Cm-IB 
- b'X J J , A V'VVX ^B#ra^ V * < O A»tf>IWC* ^» 

[0080] #-IE#^ yWXlEStlrt 

[008 1] 
[*6] 
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VBI-0— tfXWtt 





BJ*/E^ 
(#S) 


HsS/iE^ 


10%~90% 






X 


429/16 


26.81 


240 nsec 


406.78 
nsec 




AMOL 1 


27/2 


13.5 


250 nsec 


423.73 
nsec 


5.7204 


AMOL II 


27/4 


6.75 


125 nsec 


2 1 1 .86 


O QCA1 


WABTS 


33/14 


2.36 


N/A 


N/A 


N/A 


WST(525) 


33/14 


2.36 


N/A 


N/A 


N/A 


WST(625) 


72/37 


1.95 


N/A 


N/A 


N/A 


VITC(525) 


264/35 


7.54 


200 nsec 


338.98 
nsec 


4.5762 


VITC(625) 


21 6/29 


7.45 


200 nsec 


338.98 
nsec 


4.5762 


EBU 3217 


27/5 


5.4 


250 nsec 


423.73 


5.7204 



-f- ex*)*.— ie-«m w wxjasgw -f =/■ 'J - j± . ib# 
occiR60i-f yr'j y^^t^oJiLhcolifg*^ 
^arrs^&Srlr?" £. ^6*^fc*^J: ate, ?o-X 
F • ift7i/3 vXiiffi#l!Sfc9ftttfc<OW*Z7flH£# 
iB^^WXJES^-t'XfcWLT. — 5 

[0082] E^-^BBWW^-t'XOHWk LT^ 
^yn-h'^li* 1 , 4fcW;ia3£HrafS'*x*l'— *21 
Srtfc-S-i. ^>iT--S> J: 3 SrSIM * U (ROMifcttRAM) file 
«Br*- & . R0M<^gffl#*V \- H »>X TSStttStf -f - -V * 

b*X<0-^<T^*fUTjEKH*^(sine squared tran 
sition)^t8t&f"S. 

[0083] rn— ^ttjV>TVBI^rttwJf A$:?X& 
^#T-^i4E-^A*200S:atT#XS<l, FIF0202F*! 

*y f x*l^-^fc:tt. *S^201£SItTWA3*iS>W 

^yb*»i?>giSffi$*iA:) E-f*. ^2095.^2113: 
-tfl-eWI t T nrzSBRaDfnrzni* , «ff 213 £ jl t T 

co-tt mimxzti&^z vmw* -rami x- * en 

175: il t Xffi&H x * l^— ? &-A:*J $ *l & . 



[0 084] tr^-r-^Jiffiiar. ft#<DCCIR 6567 
*-? 7 hT-^-^^iX. v^fri^^ -9-254^^$ tl 

[0085] VBI^-?£b'r:*flcO®:E&^rM?A 

44tzXiX J §-iU9tL&. VBi-r-^*^A$n.§^#7 
ra^'x^lx— ?246j&*94 y^aj^244t:J; otSMl 

Ts-yj yizftLmm<ob7"/7&m$L, muz. 704 

^215£ii fC»lE# (^•f^r^) WHBfii^lBI** 
-r^T^-Otff?g{i#A$ixl> / <§ ! t^« 

■? y7X*mtX5-LhiXh« VBl-f— ^aWfASii* 
b'r ?T t- ^ (iSffi^217?rM t Xi&ffi i^'x * P - 9 
^A^J^ixS. 

[0 084] b'T-W-^ti^Ji-tf. t£#69CCIR 6567 
t-vy h-C#ife*L. v;Pf-7°U^"»f254^Jg^$n 
v;^7Vj?-9-{±4^A®^*x^W-^248*^ 

V 7 tNiffil i tf* S 704H*OB§p H 1^<7)^^VBI -r- ^ * 
[0085] VBI7*— ?Srb*-r*l*waiE3:*P/rM?A 
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tt, mxefflw&u yttmzix&. ^commit, m 
?■2l7S^^lt-ct'T7^■7 ^ -^*^^^'> / ^9-< >"t#$8£ 

AUz£->X5-t$>ti&* VBlf-^tfifASfi***^ 

[00861 T£U^M Vto*£nW»0>WmbR*i£: 

ft fcftfcBM^y r;Mf*fc: i -> T ^ 3 fifcHtt&H* 
Bf p B l(3*f UT ^ V* *7 y V SrHJ«rt-4 BBtt«*ISH*ttS» 

(^•>y^)2i4t=-&Ei-r6. HB&iBas^v^^y^ 

[0087] 15-^? a ? xx^-^lOliv-y ? •/ 
^?n-v7 s/i*^-*#*ffi*214£fEgbTtt«rt- 

"[0 0 8 8] f£^7 O -y 9 ->*x*U-*210ttFIF0202*» 
StlfcVBI -f- * * ? a -v ? ^ * -k ? '~ • SFIF 

i o nzmfteRBx >yW2\e^t h . f a## 
^ y ? 21 lifii/ v 9 -y 7 ^ <^ 17 _ ^ * ^ y h 

±{&*tf£Ji&tL& tzzx-, msn? n -/ ?(4^s& t 
?206&?yT-r&. 

[00 89] Uv'X^206tCj:-5T^7h$^cVBI^- 

oiju* * U (Rom) y^Ar ^-bx^ * y (ram) 

[0090] »»^x*^- 

, cist-r * a» * . * ^ f VB1 ^- 9 



5£MtT^^'x*l<'-?218(cA7J£ftl>. Sfi£*>H! 

ttxiraTti*0w*ia.*$ r -- y y ^ni»2i6*»fea»> ? 
RaraawaA^-'j^^niiHi. ^2B*^cosw 

y^$n^lS«. VBIt-^^VUXCOA*)± 
1ST KWXjWSB^x ^ROMifcJiBAMWKHSrffl 

7/H-7V^t (-feV-^^) 242(4* V>Vmmi£<?> 

[0091 1 )V .y?T -v y' f— 7 >MLW) 236 (Witf. 
R0MlC«#$tL-?» ) M^>?^^206*»fetB***lfc 

^ ^rg. t" -y h Sr . iWWCtiW^^ 7<nwm 

$ttS8f ^M"^I^Sa«"r4. LUT236{^< 
^-^.j "0" ^8t'7 W-HW00001111^^L. 

"1" Sr8h"-y h'7-HlllOOOO'N.^-ri.. CI 

cov y h- y ^(iffiSTfc 0 , fliJwWMo 8 b" -y h 
^ysM ^ 'J " 1 " R^f " 0 " C« . LUT2 

36cOttl7]^ A>« 8 1" -y h V^VW^?^ 242^ 
3HUtfl222fc:J:-9TlS^S*L*J:5t^ 

i?mi*x'+j:\rti\z^>^7V9wt#>i)mt l zz\<?)v 
ovzmir t , w^wmwJ * ^218*^ 

[0092] -e;l/^-rU-^ H ^242*^aJ7J§tL't7-'-^ 
XYV-M&%<7Xk, «^20lSr31tTJ--if7-j^^ 
y ^ y 9 XIZX ~>X-ftffi2ft.fz 0 }gita&t>' 1 SUSIES 

^?^f7I/?t 254(4, is s.*)/—92AMZZ.-oX5-t 

cixhmxmznLx . m-2M*k<r>&r** ^ 'J - 
-y\:^n^m^znmth . 

[0093] ^fiVBI-F- t'X(403CO'>'x^U-^^ 

?zm^&™z<m%&&*v-^&™z<£mx*h 

|>MPEG, ATSC&t/DigiCipher^XT-A^n-y^oaSCO 
[0094] EBU 3217(C^O T-^(4, SWBfflitflSft 
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[00 9 5] -fl-X^Xb-^-b'XJiEIB^JSV^-rVBI 

[00 9 63 ®4COVBIf-^FIF0310. i/7M/^ 
312, fB^^^^316, fa^niy^'x *L"-:?32 
0, gmMia«Kffl[lIK322. Xt-W^7 MUSS 
306, ~1)WTV9*r 308, i*WgS'*x*l' 

-^332, y^tt5HISS330Sy5^ ^ISI^'x^-U- 
^328(i, H3t35*S*UfcH— 'feiawtttl';* y 
LTV^. 13.5MHzWf vr'J >yxW£tz 01.89** 
£>2 . 36C0^ y TVUTSSW- * ^ u r * x h b'XCO^ 

oaiWflti "5 . tf'fraco7 *- v y 

o B£ Lfcir ^ Tvusaurcfc * . misuse- 5mh z 

[0097] #A$ni.^#T r -^M^303S:fflbTF 
IFU310|*iia»«3*l&. T-?&®3^x*l/-?KJ: 

kb«^x*u-^w. «*3i5*atT*ie^is* 

«BH»«Nai. ffl^3imV309Sril tt iB^Sfe 0 <OB* 
#0— l^M0«fll&tf 1JKI1> • ffi^301&»tT 

m ^#cr>4 y'wxm® {m®?Jy') ■ flmo?* 

[0098] JSFf 317^A2l £ix& h'T*-r-*liCCIR 

iB«*L. 0IK33O, 328ai^322W<0#AW«?a<05-< f 

5*. HB61S«ii*nBffl«0^^ y*-7 V b #>'H1S&322|*!-C 

jgjE^«rlffltC«ffl^iBl=** • 704B«JS^x *U-*3 
32Ji7>f yl^S>x*l'-*328fcJ:oT«Jfl 1 »r«fc3 
ft*. 

[0 0 9 9] 03^^*1^- ?t*li:l«l«H~. sE^ 
man "IE^Hai/B*«ffl" ttf&^WW^ 

CR" «^-c*o. ^^y^wiestfiti^MS^*^* 
h j B ^ 3 09RV3ii&atT«s«fla^ni»*»8^«' 



(cjn* , n -y ? S^x *U- ?320<«^313£3I 1 

-C^X^-^o-y? (mU$, 27MHz) fcSftrt-fc. 13. 
SMHzTiiS: < 27MHzTv"XxA? O -y ? 'Jx. 

[0100] FIF0310<OfltfflWSr7J]«^<^ *"318*> 
£>S/X7%k?0-y?£gfiL. *ixli^O-y^S/x*U 
-^320cr)|±i7]Sr 2T«* . ffi#? o ? S"*x 

ffifc:**. •r^-ccof^T-^fa#«D- (-fe-o) 

tC^J § *l & . £ ft 6 «l a^tix- * < - 704® 
[0101] -f /U^R0M302«E#Sfc 0 2oco-t 

b U it* 9 312* 1 ^>MfSROM^epJP $ tlh . MROMtiJS*P 

tttetffi-a tffeiwsnfcti^ W w*«m£<fi r) 

CO/Wy^T77f-7';^ftfft&. FIRtH«a**BOH 
fiHft*«*F-r**6«* t: fl:<**. R0M*^^30lS:fflt-C 

[0102] mm? < )\,?<v\tiM£^^?304&mt 
ia^$ix4. 

A 0 = a p. 1 - an 

A,= -an 1 + (a+D/* 

A 2 = -a/w 2 + (a-l)u + 1 

a«o^:^«iixi». utim^tih^^yrim 

a^fWBWMBeAKWW^^VideoCiphertWSStSt 

xm^i02 , 404 , 406^408^11 5 IC^SixT . 

^tr&^<3*fS7-f;^302rt-CllIiE (5t*rtA-f») 5 
[0103] »|B»314Ctt*&3*ifc ; 5 s '-*tt2tttf>e 
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MBI»ai*ttl3.5MHz-Ctt*ii*#i&. 
[0104] ^HaiBBSBtai3.5MHz<oaLK-C7 4 )V9 

[0 10 5] f f -**hU-AliK*3*U>ai:fcW'^l' 

06A»&<WBIf*-* £ffi^317^f9CCIRh'T*X b 'J — 

[0 106] H3RU'4<^-$^i;x*^-?®S&l-±-? 
fcft4«tfc£l^*fc*ttfl^3 ****** 
t , 0*£ ftfcWS&ogOHHCife bTiWIRS 

BK^StLfetWiO^v^Wr^TS^fci^. 04 

fcft. zm&mmmiz&^x , xw^- 

[0107] ftflnWfc:. VhV^iW&MVtJWWZffi 
fg£H(PAM) (404C9i£^vx fcttoTtfrK— 

[0108] F fflf**^ ^'^^fl/tT- 

&&ti&. ztihit. mm?-***??*-**' 



fit, y^Xff£Wt«B. MW^VV-H&t/^NRZf 

[0109] wmwmmmmimhximztctzfz 

[HI] HI lli. WICtofi'^^tTJi-xy^- 

[02102(4, *M^otT'^ffiTD*-v^ 
-fu v7mX'fo&. 

[03] 03(4, *ftWlzm 7^)^7*7-? A 
h , j - AflTilfcf tl-S W^tV^ ^VBI jfe 

[04] 04(4, VBI&{t«^$te»«^«RSltfl> 

[05] 05(4. H4waBi^ffliaR^*^^9 
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